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1.1.  THEORETICAL  FRAMEWORK 


1.1.1.  ROUTINE  SKILLS  AND  FLEXIBILITY 

The  concern  for  improved  efficiency  in  problem  solving  and 
decision  making  in  novel  simations  is  central  in  all  contexts  of  the 
modem  world  where  adjustment  to  fast  changes  is  required.  This  is 
typically  the  case  in  industry  and  in  all  fields,  including  the  military, 
in  which  humans  are  confronted  vdth  rapidly  evolving  technologies. 
While  firmly  established  skills,  ready  for  highly  automatized 
performance,  are  obviously  needed,  it  seems  desirable  that  they  be 
complemented  by  flexibility  when  programmed  action  is  not  available 
to  solve  unexpected  difficulties.  The  balance  between  routine,  highly 
efficient  control  and  flexible  appraisal  of  a  novel  simadon  raises  one 
of  the  most  complex  problems  in  applied  psychology  of  learning  and 
intelligence.  Tiie  fact  that  current  technology,  based  on  highly 
automatic  systems  and  robotics,  has  taken  over,  in  a  more  efficient 
and  safer  way,  tasks  that  were  previously  performed  by  human 
operators,  has  had  the  consequence  of  leaving  the  latter  with  the 
specific  responsability  for  dealing  with  that  part  of  reality  that  cannot 
be  routinely  treated  by  automata.  But  in  order  to  react  efficiently  in 
unexpected  situations,  the  human  agent  is,  to  a  large  extent, 
supposed  to  integrate,  in  parallel  with  automatic  devices,  the  routine 
treatment  as  it  goes  on  undisturbed  by  unusual  events,  so  that  he  can 
react  with  correct  knowledge  of  the  state  of  affairs  when  such  events 
occur. 

This  paradoxical  complementarity  between  routine  and  flexibility 
is  most  important  in  the  military  context,  pervaded  as  it  is  by  modem 
technology,  but  it  seems  at  odds  with  the  traditional  approach  to  the 
training  of  military  men.  Military  training  has  l^en  aimed  at 
endowing  soldiers  with  a  set  of  highly  automatized  behaviors  and  a 
stable  tendency  to  obey  orders  -  that  will  hopefully  function  in  all 
battlefield  or  similarly  critical  situations,  and  resist  interferences  of 
emotional  stress.  However,  in  so  far  as  emergency  situations 
involve,  more  often  that  not,  essentially  non  predictable  aspects,  it 
has  been  increasingly  recognized  that  routine  training  is  not  enough, 
and  can  indeed  sometimes  lead  to  absurd  or  totally  inefficient 
solutions. 

Therefore,  the  challenge  for  those  which  arc  in  charge  of  training 
is  clearly  to  find  the  adequate  combination  of  automatism  and 
flexibility.  Or,  putting  it  another  way,  to  ensure  that  useful 
automatisms  are  available  to  the  individuals  as  they  are  needed,  while 
preserving  their  capacity  for  varying  from  programmed  action  when 
necessary.  Much  is  known,  from  a  long  tradition  in  practical 
training  of  men  in  various  contexts,  about  the  efficient  ways  to  build 
a  repertoire  of  simple  and  complex  behavioral  units  finely  tuned  to 
predictable  situations.  Many  laws  of  learning,  as  described  by 
psychologists  -  progressive  shaping,  repetition,  distributed  vs 
massed  learning,  effects  of  reward,  punishment,  knowledge  of 
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results,  and  the  like,  •  correctly  fit  to  the  educational  strategies  put  to 
work. 

While  we  can  charaaerize  fairly  well  what  a  given  motor  habit,  or 
a  given  information  processing  are,  we  are  not  able  to  describe 
clearly  what  are  the  properties  of  those  "flexible  behaviors"  which, 
we  feel,  are  useful  for  adaptation  to  novel  situations  or  production  of 
creative  works.  This  might  be  the  reason  why  we  resort  to  general 
abstract  terms  like  "flexibility"  rather  than  to  concrete  and  operational 
definitions. 

For  all  pratical  purposes,  the  main  question,  however,  is  not  so 
much  "What  is  the  nature  of  psychological  or  behavioral  flexibility 
?",  but  "Can  it  be  trained,  and  if  so,  how  can  it  be  trained?".  These 
are  the  questions  that  have  been  adi’essed  to  in  the  present  research 
project.  They  have  not  been  dealt  with  in  appplied,  field  situations, 
but  in  much  more  limited  laboratory  situations.  It  is  assumed  that 
experimental  models  in  the  laboratory  can  help  in  providing  new 
insights  about  this  little  undeistood  aspects  of  human  adaptation  in 
real  life. 

1.1.2.  THE  ISSUE  OF  CREATIVITY 

At  this  point,  it  is  advisable  to  clarify  terminological  matters.  We 
have  been  using,  up  to  now,  the  word  flexibility,  and  we  have 
occasionally  referred  to  creativity.  These  are  words  familiar  to 
everyone,  which  make  them  convenient  in  conveying  ideas  to  a  non 
specialized  audience,  but  can  also  be  a  source  of  confusion.  For 
theoretical  and  methodological  reasons  which  will  be  exposed  at 
length  in  chapter  2.1.  (Looking  at  variability  in  its  own  right),  the 
word  behavioral  variability  has  been  preferred.  The  core  of  the 
argument  can  be  summarized  in  non-technical  terms  by  first 
reminding  the  reader  of  some  aspects  of  the  psychology  of  creativity 
in  the  last  few  decades.  The  approach  taken  here  will  be  best 
characterized  by  contrasting  it  against  that  background. 

While  some  psychologists  had  been  occasionally  interested  in 
creativity  before  that  time,  renewed  and  systematic  concern  for  that 
elusive  aspect  of  human  activity  has  develop^  roughly  since  the 
fifties.  It  was  related  with  a  shift,  in  education,  from  a  view  of 
school  as  a  place  where  knowledge  is  transmitted  to  a  conception  of 
school  as  an  environment  in  which  creative  persons  are  *  or  should  - 
be  fostered.  However,  a  less  idealistic  account  of  the  renewed 
interest  for  creativity  can  be  suggested  :  in  the  context  of  the 
"cold-war"  and  of  competition  between  the  two  superpowers,  there 
had  been,  in  the  fifties,  among  political  and  educational  circles  in  the 
United  States,  acute  awareness  of  the  inefficiency  of  schools, 
especially  with  regard  to  science  educati''^.  The  solution  was  looked 
for  in  the  magic  concept  of  creativity. 
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Whatever  the  respective  part  played  by  changing  views  of 
education  and  by  sociopolitical  anxiety,  the  dominant  tenet  tended  to 
op^se  creativity  and  ^owledge  acquisition.  The  first  was  seen  as 
an  inborn  potentiality,  expected  to  express  itself  spontaneously  in  the 
absence  of  obstacles,  while  the  latter  was  viewed  as  the  result  of 
social  conditioning  -  with  all  overtones  attached  to  this  word.  In  an 
extreme  version,  the  less  educational  institutions  would  interfere  with 
the  developing  individual,  the  more  likely  would  his/her  creative 
potential  emerge.  As  one  prominent  educationist  put  it :  "Creativity 
cannot  be  taught,  like  physics;  it  can  only  be  libmted"  (Schwartz, 
B.,  1973). 

In  so  far  as  school  education  had  been  assimilated  with  a 
consistent,  rational  undertaking,  creativity  was  felt  as  escaping 
rationality,  as  implying  essential  ingredients  of  an  emotional,  rather 
than  rational  nature.  Support  for  tius  view  was  provided  later  by 
appealing,  in  a  rather  simplistic  manner,  to  the  recently  discovered 
hemispheric  specialization  of  the  human  brain. 

Though  derived  from  a  quite  different  branch  of  psychological 
research,  psychometric  approaches  to  creativity  did  not  suggest  any 
essentially  distinct  view  of  creativity.  Dichotomies  such  as  divergent 
vs  convergent  thinking,  field  independence  vs  field  dependence, 
explorer  vs  assimilator  cognitive  style,  fluidity  vs  crystallized 
thinking,  and  the  like,  where  the  first  term  is  assimilated  with  a 
creative  mind  and  the  second  term  with  conformity,  imply  that 
creativity  is  to  be  understood  as  a  personality  trait  or  factor  rather 
than  as  a  dynamic  aspea  of  action  and  thought,  and  sanction  the  view 
that  a  bre^  exist  between  creativity/flexibility  on  one  hand  and 
leaming/problem  solving  on  the  other.  It  docs  not  provide  any  useful 
hint  as  to  the  possible  links  between  the  two  opposite  domains. 
Moreover,  a  pCTsonality  or  mental  trait  is  not  the  sort  of  thing  that  can 
be  changed  or  improv^  which  means  that  this  approach  leaves  little 
hope  as  to  the  feasibility  of  educating  people  to  creativity. 

THE  EVOLUTIONARY  MODEL 

The  view  adopted  here  is  radically  different,  which  docs  not  mean 
that  it  is  not  backed  by  an  important  tradition  of  theoretical  thinking  in 
modem  psycholo^  and  in  other  sciences.  It  assumes  that,  whatever 
the  differences  in  the  complexity  of  behaviors  or  underlying 
processes  involved,  simple  learning,  problem  solving  and  so-cdled 
creative  behavior  are  all  located  along  the  same  continuum,  and  that 
common  basic  mechanisms  are  at  work  in  all  forms  of  adaptive 
behavioral  change.  These  mechanisms  are  best  understood  by 
referring  to  the  analogy  of  biological  evolution  -  a  theoretical  frame 
that  has  shaped  modem  thinking  not  only  in  biology,  but  in  many 
aspects  of  psychology,  anthropology,  and  even  of  physical  sciences 
(sec  Prigogine  &  Stengers,  1979, 1988). 


We  shall  not  engage  here  into  the  intricacies  of  the  evolutionary 
model  -  these  will  be  elaborated  further  in  chapter  2.1.  Let  us 
summarize  the  main  relevant  points  as  follow  : 

(1)  What  makes  the  evolutionary  model  an  inspiring  one  for  our 
present  concern,  is  that  it  has  to  account  for  the  emergence  of  novelty 
(novel  living  forms),  which  is  also  our  problem  as  we  have  to 
account  for  learning,  problem  solving  and  creative  behavior  (any  bit 
of  learned  behavior  is  novel  in  the  repertoire  of  an  individual,  as  is 
the  solution  given  to  a  problem;  creative  acts  are  novel  by  reference 
to  a  whole  set  of  shared  cultural  behaviors  and  products); 

(2)  The  process  at  work  involves  two  major  elements,  i.e. 
variation  (of  the  genetic  material,  through  mutations  and 
recombinations  by  sexual  reproduction)  and  selection  (environmental 
conditions,  the  pressure  of  which  eventually  results  in  survival).  We 
can  think  of  learning,  problem  solving  and  creative  behavior  also  as 
involving  a  process  of  selection  upon  a  fraction  of  the  behavioral  and 
cognitive  activities  of  an  organism.  In  other  words,  it  a  selective 
process  is  to  operate  at  all,  we  need  some  variations  to  start  with.  No 
change  is  to  be  expected,  nothing  new  is  likely  to  occur  if  there  is  no 
variability  in  the  system. 

The  concepts  of  variation  and  variability  are  not  easy  to  deal  with, 
however.  Especially  in  the  tradition  of  psychological  thinking,  still 
much  dominated  by  a  restricted  definition  of  a  scientific  approach, 
variability  has  generally  been  looked  at  as  a  property  of  data  that  most 
researchers  will  rather  like  to  eliminate.  Either  it  is  viewed  as 
reflecting  the  imperfections  of  the  scientist's  tools  of  observation  - 
and  the  remedy  is  to  work  out  refined  techniques  -  or  it  is  conceived 
of  as  reflecting  the  imperfections  of  nature,  about  which  nothing  can 
be  done,  but  which  can  be  minimized,  or  neutralized,  by  considering 
only  idejal  patterns  (central  tendencies,  types,  clear-cut  categories, ...) 
ignoring  variations  around  them  as  mere  deviations. 

There  are  a  number  of  reasons  that  explain  why,  throughout  the 
history  of  psychology  and  up  to  now,  psychologists  have  been 
treating  variability  in  that  way  rather  than  looking  at  it  in  its  own 
right.  These  will  be  shortly  discussed  in  chapter  2.1. 

The  consequence  of  that  state  of  affairs  is  that  very  few  study 
have  been  focussed  on  behavioral  variability,  or  the  nature  and 
sources  of  behavioral  variations. 

The  fields  of  animal  and  human  learning  and  problem  solving  is 
typical  in  that  respect.  In  the  particular  area  of  operant  conditioning, 
notwithstanding  die  theoretical  interest  in  the  evolutionary  analogy, 
the  emphasis  has  been  put  on  the  control  exerted  by  so-called 
contingencies  of  reinforcement  (the  set  of  environmental  conditions 
that  shape  and  maintain  behavior),  which  can  be  identified  with  the 
"selective  pressure"  variable.  This  has  led  to  the  d^,ply  misleading 
interpretation,  that  is  widespread  among  psychologists  as  well  as 
among  laypeople,  that  operant  conditioning  is  about  routinely 
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repetitive,  stereotyped  behavior.  Little  attention  has  been  given  to 
variations,  which,  however,  are  crucial  for  the  learning  process  itself 
(the  few  relevant  empirical  studies  and  theoretical  contributions  will 
be  reviewed  in  chapter  2.2). 

Similarly,  in  studies  of  problems  solving,  behaviors  not  leading 
to  the  solution  are  usually  overlooked,  or  recorded  as  errors,  rather 
than  systematically  analysed  as  useful  approximations.  In  the  study 
of  cognitive  activities,  Piaget  has  taken  a  quite  different  stand  in 
focussing  on  the  properties  of  a  subjects'  reasoning  rather  than  the 
adequacy  of  its  outcome  to  the  rules  of  logic.  The  present  study 
owes  much  to  his  theoretical  approach  and  to  his  experimental 
ingenuity. 

Summing  up,  the  present  projet  can  be  seen  as  a  contribution  to 
the  study  of  behavior^  variations  as  such. 

1.2.  EXPERIMENTAL  METHODS 

1.2  .1.  THE  MAIN  PROCEDURE 

The  main  technique  used  in  this  research  is  derived  from  an  experimental 
procedure  designed  by  Vogel  and  Annau  (1973).  The  technical  features  will 
be  described  at  leng^  in  chapter  3.  It  has  been  modified  and  elaborated  so  as 
to  fit  the  particular  aims  of  the  project,  and  the  human  subjects  which  were  the 
main  population  under  study. 

The  general  principle  will  be  easily  grasped  by  resorting  to  a  simple 
metaphore.  Suppose  you  live  in  a  typic^  New-World  city,  where  streets  and 
avenues  cross  regularly  at  right  angles  as  in  the  central  section  of  Manhattan 
(partly  represent^  below).  You  live  at  place  A,  let  say  close  to  the  comer  of 
Lexington  Avenue  52nd  Street  and  you  walk  daily  to  your  office,  located  (in 
B)  at  the  comer  of  the  1st  Avenue  49th  Street.  So  you  have  to  walk  three 
blocks  Eastward  and  three  blocks  South.  There  are  a  number  of  different 
ways  you  can  take,  all  of  them  equivalent  in  terms  of  distance  (at  least  we 
shall  assume  so).  You  might  like  to  use  only  one  of  them,  and  stick  to  it,  day 
after  day,  throughtout  the  twenty  years  of  your  professional  life  in  that  office. 
But  you  might  as  well  change,  occasionally,  or,  so  to  speak,  make  a  rule  of 
changing.  This  is  typically  an  open  situation,  where  there  are  no  real 
constraints  on  your  behavior,  but  a  certain  degree  of  firecdom,  that  you  might 
or  might  not  exploit. 


Transferred  to  the  laboratory  world,  you  might  think  of  your 
spatial  daily  problem  as  a  maze,  with  the  particularity  of  offering 
multiple  solutions  (there  are  indeed  no  blind  alley,  except  that  if  you 
do  not  take  the  right  turns  at  some  critical  point  you  might  go  off 
your  way  and  never  reach  your  office). 

The  subjects  in  our  experiment  were  not  put  in  a  maze,  but 
presented  with  a  two  dimensional  display  that  is  essentially  a  visual 
representation  of  your  Manhattan  familiar  maze.  The  video  screen, 
designed  below,  showed  a  picture  of  a  four  floors  bank  building, 
with  four  windows  at  each  floor.  A  bag  filled  with  dollars  is  pictured 
at  the  upper  left  window  (4th  floor)  at  the  start  of  a  trial.  The  trial  is 
complete  successfully  when  the  subject  has  brought  the  bag  in  the 
right  bottom  window  on  ground  floor :  the  bag  is  then  taken  away  by 
a  security  man  and  taken  to  a  safe,  to  the  benefit  of  the  subject,  who 
is  credit^  by  one  point  increment  on  a  counter.  The  whole  scene  is 
of  course  attractively  animated. 


How  can  the  subject  move  from  the  starting  point  to  the  end 
point?  Two  buttons  are  available  to  him  :  pressing  the  left  or  right 
button,  results  in  the  bag  moving  to  the  next  window  to  the  right  or 
downward  respectively.  A  trial  of  six  presses,  three  on  the  left,  three 
on  the  right  button,  in  any  order,  is  what  is  needed  to  obtain  the 
reward.  No  extra  (4th)  press  is  tolerated  ;  it  end  the  trial. 

As  in  the  Manhattan  example,  there  are  a  number  (20)  of 
equivalent  ways  to  reach  the  goal.  The  apparatus  could  appropriately 
be  named  a  visual  maze.  As  it  was  derived  from  a  cruder  version, 
composed  of  a  4  by  4  light  bulbs  matrix,  it  has  been  called  the 
MATRIX,  and  it  will  be  referred  to  as  the  Matrix  hereafter. 

The  situation  offers  a  possibility  to  test : 

(1)  Whether  a  subject  will  use  all  possible  ways,  or  only  a  few  of 
them  or  only  one; 

(2)  Whether  he  will  change  his  habits,  vap'  more  or  less  as  a 
function  of  various  conditions;  for  instance,  will  he  be  more  or  less 
variable  according  to  the  fact  that  his  behavior  is  being  rewarded  on 
each  successful  trial,  or  only  on  some  of  them  (intermittent  reward  or 
reinforcement); 

(3)  Whether  variability  can  be  induced  or  increased  by 
differentially  rewarding  the  subject  only  if  he  has  used  the  path  that  is 
different  from  the  immediately  previous  trial  or  from  the  n  preceding 
trials; 

(4)  Whether  a  variability  training  facilitates  the  subjects' 
adaptation  to  novel  conditions; 


(5)  Whether  an  individual’s  characteristics  in  that  situation  are 
correlated  with  his  style  in  approaching  other  problems  that  are  used 
in  psychological  research,  carried  out  in  different,  through  relevant, 
theoretical  feuneworks; 

(6)  Whether  a  subject’s  educational  background  or  socio-cultural 
status  are  correlated  with  his  performances. 


Other  questions  have  been  raised  which  will  be  formulated  in  due 
time,  but  need  not  be  mentioned  here,  since  they  can  be  left  out 
without  loosing  anything  substantial  in  the  general  approach  nor  in 
the  main  results.  Point  5  (above)  involves  comparisons  with  other 
procedures  including  tasks  designed  after  Piaget,  cognitive  style 
tests,  etc...  These  are  described  in  chapter  3. 


1.2.2.  POPULATION  AND  EXPERIMENTAL  DESIGN 

Details  on  experimental  samples  are  given  in  chapters  4.2.1., 
5. 1.2.1.  and  5.2.2.  L,  with  the  experimental  design  concerning  the 
two  groups  of  experiments.  A  few  preliminary  remark,  are  in  point 
in  order  to  grasp  the  developmental  (and  to  some  extent  comparative) 
approach  of  Experiment  1  and  the  general  context  of  Experiments  2 
and  3. 

1. 2. 2.1.  Experiment  1 

The  rationale  for  the  developmental  and  comparative  approach 

Experiment  1  deals  mainly  with  the  subjects'  spontaneous 
behavioral  variability,  the  possibility  to  induce  behavioral  variability 
and  the  role  of  visual  feedback  in  the  organization  of  subjects' 
behavior.  It  addresses  questions  1  to  5  formulated  in  section  1.2.1. 

Three  different  conditions  were  used  :  in  the  first  one,  all  correct 
sequences  were  reinforced;  in  the  second  one,  a  correct  sequence  was 
reinforced  if  it  was  different  from  the  2  previous  ones,  and  in  the 
third  one,  the  visual  display  did  not  give  any  useful  information 
(random  displacement  of  the  moneybag). 

In  this  experiment,  age  groups  were  compared  (5-6  y.o.;  9-10 
y.o,;  14-15  y.o.  and  18-24  y.o.)  and  the  subjects'  behaviors  in  the 
Visual  Matrix  were  correlated  with  their  behaviors  in  several 
cognitive  tasks. 

In  fact,  this  experiment  is  only  one  part,  included  in  the  present 
project,  of  a  broader  developmental  study  carried  out  concurrently  in 
our  laboratory  (Boulanger,  1989).  A  word  of  warning  is  in  point 
here.  It  might  seem  unusual  to  include  a  developmental  intension  in 
a  study  that  should  be  of  interest  to  the  military.  Young  adults  might 
seem  to  provide  an  adequate  and  sufficient  population.  However,  we 
believe  ^at  a  developmental  approach  recommends  itself  if  we  want 
to  understand  how  behavioral  variability  emerges  (or,  to  the 
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opposite,  decays)  and  how  various  external  conditions,  or  personal 
history  factors  can  influence  it.  A  long  tradition  of  scientific 
psychology,  possibly  more  prominent  in  Europe  than  anywhere  else, 
has  confined  the  valuable  contribution  of  developmental  analysis  to 
our  understanding  of  psychological  functions  in  general  and  more 
specifically  to  our  understanding  of  cognitive  functions.  The 
heuristical  value  of  the  developmental  approach  and  its  explanatory 
power  have  been  masterfully  demonstrate  by  Piaget's  wo^,  but  he 
is  only  one,  admittedly  the  major  one,  of  a  number  of  great  behavior 
scientists  who,  on  the  continent,  have  emphasized  the  same  point. 
The  names  of  H.  Wallon,  whose  important  work  is  unfortunately 
little  known  out  of  the  French  language  area,  of  K.  Lorenz,  in 
ethology,  not  to  mention  Freud  in  another  aspect  of  mental  life,  are 
only  illustrative  of  a  general  feature  (Piaget's  theory  has  been  at  the 
basis  of  the  choice  of  age-groups  considered  and  of  some  of  the 
cognitive  tasks  used  in  Experiment  1.  It  will  be  briefly  presented  in 
chapter  2.3.1.). 

It  should  be  emphasized  that  the  developmental  approach  is  not 
just  plotting  any  dependent  variable  against  age,  considered  as  just 
another  independent  variable.  It  is  taken  to  explain,  to  some 
important  extent,  the  psychological  organization  as  observed  in  adult 
subjects.  Development  is  where  we  can  follow  the  building  up  of 
later  functioning,  where  we  can  observe  significant  bifurcations, 
where  we  can  identify  the  various  elements,  such  as  sensitivity  to 
contingencies,  attention,  organization  in  memory,  awareness, 
verbalization,  etc.  which  eventually  combine  to  produce  the  complex 
picture  found  in  adult  subjects. 

A  similar  reasoning  holds  for  comparative  approach  in  animals. 
Though  animal  studies  had  not  been  included  in  the  project,  except  as 
accessory  and  as  available  ressources  would  permit,  and  though  they 
have  not  been  in  fact  included,  their  importance  in  dealing  with  the 
issue  of  behavioral  variability  should  not  be  overlooked.  Qimparing 
animal  to  human  performances  is  crucial  in  understanding  the  roots 
of  the  process  under  scrutiny.  At  the  theoretical  level,  as  vwll  be  seen 
in  chapter  2. 1 ,  it  is  especially  important  to  validate  the  hypothesis  that 
the  basic  process  of  learning  involves  the  dialectic  combination  of 
variation  and  selection.  Demonstrating  that  animal  organisms  are,  for 
that  matter,  generators  of  variability  wUl  of  course  pve  foundation  to 
the  view  that  creative  behavior  obeys  the  same  basic  rules  as  simpler 
changes  occurring  in  individual  animals  when  they  learn.  This 
justifies  chapter  2.2.2. 1.,  in  which  the  literature  on  human  and 
animal  studies  of  behavioral  variability  is  reviewed  and  discussed.  It 
also  justifies  that  some  experiments  carried  out  in  the  laboratory, 
concurrently  with  the  present  project,  by  Machado  (1988)  are 
reported  in  a  preliminary  form,  in  Appendix  4. 

To  persuade  the  reader  of  the  sort  of  insight  that  can  be  provided 
by  animals  studies  in  a  problem  that,  at  first  sight,  might  be  thought 
of  as  specifically  human,  and  of  human  interest  only,  let  us  describe 
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briefly  one  of  the  simplest  experiments  that  can  be  and  has  indeed 
been  performed.  Some  drugs  are  sometimes  said  to  enhance  learning 
or  cognitive  functions  -  the  search  for  such  drugs  is  indeed  the 
priority  in  many  drug  companies  today.  Some  years  ago,  there  were 
some  claims  that  alcohol  and  amphetamine  were  good  candidates.  A 
simple  measure  of  learning  and  supposedly  a  valid  one,  in  specialized 
research  laboratory,  implies  recording  the  time  a  rat  takes  to  run 
from  the  starting  box  to  the  goal  end  of  a  straight  alley.  In  fact,  both 
drugs  had  some  reducing  effet  on  running  time,  hence  a  positive  effet 
on  learning.  However,  Devenport  (1983)  had  Ae  very  simple  idea  of 
observing  her  rats  in  the  alley,  only  to  discover  that  non-drugged  rats 
would  go  on  spending  some  time  fooling  around  and  exploring, 
while  drugged  rats  would  run  at  maximum  speed  to  the  goal.  Had 
they  improved,  compared  to  non-drugged  rats  ?  Running  time  had 
decreased,  true,  but  exploratory  behavior,  typical  of  normal  rats  - 
free  and  able  to  run  just  as  fast  -  had  been  abandoned.  Devenport's 
interpretation,  which  we  think  is  right,  was  that  niii  learning  had 
improved  but  exploratory  behavior  (which  is  linked,  according  to  our 
view,  with  the  concept  of  variability)  had  been  impaired. 

Experiments  2  and  3 

Experiments  2  and  3  deal  mainly  with  the  subjects'  spontaneous 
behavioral  variability  and  the  effects  of  a  variability  training  on  the 
subjects'  adaptation  to  novel  conditions. 

Subjects  were  divided  in  2  experimental  groups.  In  the  first 
one,  after  having  been  reinforced  for  each  correct  sequence  during  50 
trials,  subjects  received  a  variability  training  during  100  trials  (they 
had  to  produce  sequences  different  from  the  2,  or  from  the  10 
previous  ones,  to  be  reinforced).  Finally,  they  were  submitted  to  a 
last  condition  (also  50  trials)  where  only  three  particular  sequences 
were  reinforced.  In  the  other  group,  subjects  were  reinforced  for 
each  correct  sequence  during  150  tri^s  before  being  submitted  to  the 
last  condition. 

In  this  second  part  of  our  study,  variability  and  performances  of 
adolescents  and  adults  of  1 8-27  y.o.  (militiamen)  were  analysed  as  a 
function  of  their  socio-economic^  origin  and  of  their  types  or  level  of 
educational  background. 

There  are,  to  our  knowledge,  no  studies  bearing  directly  on  the 
relations  between  the  subjects'  socio-economical  origin,  their  level  or 
their  type  of  educational  background,  on  one  hand,  and  some 
measure  of  their  behavioral  variability  on  the  other  hand.  However, 
these  variables  have  been  shown  to  be  relevant  in  some  studies  of 
cognitive  functioning  (some  of  them  will  be  briefly  presented  in 
chapter  2.4.  These  studies  have  incited  us  to  included  these  variables 
in  the  study  of  variability.  One  could  indeed  suspect  that  the 
educational  background  is  important  in  favouring  or  restricting 
variability.  This  is  a  very  practical  issue  since  there  is  now  a 
widespread  concern  for  more  "flexibility",  "creativity"  and  the  like  in 
all  aspects  of  social  and  professional  life. 


1.3.  MAIN  RESULTS 


A  detained  account  of  results  obtained  in  Experiments  1, 2  and  3 

will  be  given  in  chapters  4.3.,  5.1.3.  and  5.2.3. 

They  can  be  condensed  in  the  following  points  : 

1 .  When  subjects  are  presented  with  a  situation  where  any  correct 
sequence  is  the  only  condition  for  being  rewarded  (a  situation 
labelled  "Normal"),  performance  improves  as  the  session 
progresses,  while  variability  decreases.  Subjects  not  only 
produce  fewer  incorrect  sequences  but  they  also  produce  fewer 
different  correct  sequences. 

However,  even  after  a  large  number  of  trials  under  those 
conditions,  subjects  never  behave  in  a  totally  stereotyped  manner. 
They  still  keep  on  producing  a  few  different  correct  sequences. 
Subjects’  capacity  to  master  the  task,  -  i.e.  to  improve  their 
performances  throughout  the  sessions  -  increases  as  a  function  of 
age. 

Overall  variability  -  that  is  variability  measured  by  the  number  of 
different,  correct  and  incorrect,  sequences  produced  -  is 
approximately  the  same  in  all  age  groups.  But  the  respective  part 
of  the  two  components  changes  with  age.  In  younger  subjects,  it 
is  equally  accounted  for  by  the  variety  in  incorrect  as  well  as  in 
correct  sequences.  As  age  increases,  variability  of  correct 
sequences  increases  while  variability  of  incorrect  sequences 
decreases. 

2.  In  the  situation  where  visual  cues  no  longer  coi  .:ide  with  the 
motor  responses,  but  are  given  randomly,  subjects  from  9  years 
of  age  and  above  are  strongly  disturbed.  Their  performance  is 
much  poorer  than  when  visual  cues  are  consistent  with  their 
motor  responses.  They  also  show  much  greater  variability  of 
both  correct  and  incorrect  sequences.  However,  they  eventually 
adjust  to  that  situation,  all  the  more  easily  as  they  grow  older. 

On  the  opposite,  younger  subjects,  5-6  years  old,  seem  little 
disturbed  by  the  absence  of  visual  cues.  They  paradoxically 
perform  better,  and  ii  the  most  stereotyped  manner.  In  fact,  they 
resort,  as  in  other  conditions,  to  a  purely  motor  strategy  -  such  as 
altemance  responses  on  left  and  right  buttons. 

If  older  subjects  eventually  use  the  same  motor  strategy  in  that 
situation  -  which  is  indeed  the  most  appropriate  in  terms  of 
efficiency  and  minimal  error  -,  they  do  not  use  it  preferentially 
when  consistent  visual  cues  arc  provided.  In  that  case,  they  do 
not  merely  produce  combinations  of  motor  responses,  but  they 
follow  various  paths  to  the  goal. 

3.  When  the  situation  so  requires,  adolescent  and  adult  subjects  do 
adopt  more  variable  behaviors.  They  even  tend  to  vary  more  than 
necessary. 
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By  contrast,  increasing  variability  of  correct  sequences  by 
differential  reinforcement  reveals  more  difficult  in  9-10  years  old 
subjects,  and  still  more  so  in  5-6  years  old.  The  poor 
performance  of  the  latter  in  that  situation  seems  related  to  their 
difficulty  in  mastering  the  matrix  operating  rules.  Using  visual 
informations  in  order  to  produce  varied  correct  sequences  seems 
especially  difficult  to  them. 

Some  results  clearly  show  that,  even  in  adult  subjects,  the 
capacity  to  master  the  task  (as  measured  by  the  performance 
obtained  when  they  are  placed  in  the  situation,  during  the  first 
fifty  trials,  in  which  the  on  /  condition  for  reward  is  to  produce 
one  correct  sequence)  is  significantly  related  to  the  capacity  to 
adjust  later  to  a  situation  requiring  more  variability. 

4.  When  adolescent  and  adult  subjects  arc  confronted  with  new 
conditions  for  reinforcement  (namely  when  three  particular 
sequences  only  arc  reinforced),  results  show  that  the  subjects 
who  have  been  exposed  before  to  a  situation  generating 
stereotypy  are  able  to  modify  their  behavior  so  that  they  find  the 
solution.  However,  they  also  pro'^-  more  incorrect  sequences 
and  find  the  solution  less  qu'^kly  than  those  individuals  who 
have  been  previously  e^.^sed  to  training  of  variability. 

5.  Whatever  the  age  ^oup  being  considered,  there  is  no  relation 
between  the  behavioi  of  an  indiviHual  in  the  task  that  has  been 
used  here  to  measure  variability  on  one  hand  and  his  performance 
in  the  various  cognitive  tasks  which  have  been  used  for 
comparison  on  the  other. 

6.  Performance  in  the  matrix  situation  seems  to  be  related  to  the  type 
of  school  curriculum  but  not  to  the  level  of  studies  nor  to  their 
socioeconomic  origin  ;  subjects  who  have  been  trained  in 
so-called  technical  curricula  are  slightly  less  good  jjerformers  than 
those  who  have  been  submitted  to  curricula  focussed  on 
humanities  or  social  fields.  However,  this  difference  is  only 
founded  for  individuals  who  have  not  achieved  higher 
university  type  degrees. 

1.4.  CONCLUSIONS 

To  sum  up,  the  experiments  reported  here  suggest  that  our 
approach  to  behavioral  variability  bears  upon  dimensions  of 
behavioral  and  cognitive  processes  that  are  not  dealt  with  by  other 
approaches  to  the  study  of  intelligence,  problem  solving,  mobility  of 
though,  fluidity,  and  the  like  which,  at  first  sight,  might  seem 
conceptually  close  to  ours.  No  significant  correlation  has  been  found 
between  behavioral  variability  as  assessed  by  our  procedure  and 
relevant  measures  derived  from  procedures  developed  in  some  of 
these  other  approaches.  This  does  not  mean  that  possible  links 
between  various  approaches  are  to  be  discarded,  but  it  is  a  strong 
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argument  to  proceed  along  the  same  lines.  Data  gathered  so  far  are 
admittedly  not  sufficient  to  validate  and  qualify  the  general  theory 
eschewed  above  (and  further  elaborated  upon  in  the  chapter  2.1). 
they  are,  however,  sufficient  to  encourage  further  investigation 
within  this  firamework. 

Empirical  results  show  that  behavioral  variability,  as  measured  by 
the  specific  procedure  selected  in  our  experiments,  is  a  property  of 
behavior  that  can  be  modulated  by  various  external  factors,  and  that  it 
is,  indeed,  amenable  to  the  control  by  its  consequences.  That  is, 
variability  can  be  induced,  or  reduced,  or  increased,  by  changing  the 
outcomes  for  a  subject  of  his/her  exhibiting  variability. 

They  also  show  that  a  subject's  performance  in  such  an  open 
situation  is,  to  some  extend,  pr^ctible  from  his/her  way  to  react  to 
the  initial  conditions  to  which  he/she  has  been  exposed.  But  this 
effect  of  initial  exposure  (a  small  scale  bit  of  individual  history)  is 
itself  much  variable  from  one  individual  to  another.  Interindividual 
differences  seem  to  concur  with  intraindividual  variability  to 
maximize  (or  optimi.«  ?  )  the  range  of  variations  as  expressed  in  a 
given  fwpulation. 

Gsntrary  to  the  myth  of  the  potentially  creative  infant  (that  we 
would  expect  to  exhibit  a  high  degree  of  variability  in  our 
procedures,  as  a  high  degree  of  mobility  in  some  of  the  Piaget’s  type 
tasks),  behavioral  variabOity  increases  as  a  function  of  age. 

Finally,  it  must  be  emphasized,  again  in  the  limited  context  of 
these  experiments,  that  whatever  part  of  the  observed  variability  can 
be  accounted  for  by  identifiable  variables,  an  individual  is  likely  to 
exhibit  a  certain  degree  of  variability  when  there  is  no  pay  off  for  it. 
This  is  comparable  to  this  firaction  of  exploratory  behavior  preserved 
in  normal  rats  after  they  reach  an  asymptotic  level  of  running  time, 
upon  which  they  arc  by  no  means  unable  to  improve. 

Though  experimenters  are  usually  reluctant  to  venturing  in 
applications  when  empirical  data  are  still  scarce  and  obviously 
demand  extensions  and  replication,  a  few,  admittedly  speculative 
remarks  are  in  point  as  to  practical  applications.  They  are,  after  all, 
much  less  speculative  than  popularized  myths  of  inborn  creativity  and 
of  the  deleterious  action  of  any  educational  intervention  on  the 
creative  potential  of  humans. 

It  seems  to  us  counterlogical  to  think  of  variability  in  terms  of 
traits  or  styles  or  tj^s.  If  anything,  it  is  a  functional  property  of 
cognitive  and  behavioral  processes.  As  such,  it  can  be  influenced  by 
a  number  of  perfectly  identifiable  variables,  and,  especially 
important,  it  can  be  increased. 

If  the  role  of  variability  is  recognized  as  the  common  factor  at 
work  from  simple  motor  learning  to  problem  solving  and  to  the 
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production  of  novel  behavior,  be  it  in  unexpected  life  situations  or  in 
artistic  creation,  there  is  no  need  to  oppose  the  realm  of  routine, 
automated,  narrowly  logical  behavior  to  the  realm  of  spontaneous, 
imaginative,  creative  behavior;  the  domain  of  rationality  and 
teachability  and  the  domain  of  unteachable,  supposedly  creative, 
irrationality.  That  man  will  cope  with  change,  as  he  will  be 
confronted  to  it,  who  will  preserve  a  range  of  variation,  upon 
accumulated  highly  trained  skills.  That  man  will  produce  novel 
pieces  of  art  or  science  or  writing  who  will  keep  on  exploring 
potentialities  with  a  background  of  expertise. 

It  is  hoped  that  this  overview  will  induce  the  reader  to  explore 
further  the  theoretical  arguments,  and  the  implications  of  the  present 
approach  for  the  conception  of  psychology  at  large,  and  of  what  is 
has  to  offer  to  improve  ^ucational  practices. 
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CHAPTER  2 


GENERAL  THEORETICAL  FRAMEWORK 
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In  this  chapter,  the  experiments  that  will  be  reported  later  in  this 
report  are  placed  in  their  theoretical  perspective. 

First,  the  case  is  made  for  variability  as  an  essential  aspect  of 
behavior,  in  the  frame  of  a  theoretical  approach  based  on  the 
evolutionary  antilogy  borrowed  from  biology.  Their  illustrative 
studies  in  the  field  of  problem  solving  and  of  animal  and  human 
learning  are  reviewed,  and  the  main  experimental  procedure  used  in 
the  present  project  is  described.  The  importance  of  the 
developmental  approach,  of  the  socio-cultural  factors  and  of  the 
cognitive-style  concept  in  relation  with  the  specific  purpose  of  this 
project  is  discussed,  and  the  experimental  techniques  selected  to 
include  them  in  our  analysis  are  briefly  presented. 
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2.1.  lcjking  at  variability  in  its  own  right 


Variability  is  not  a  key-word  in  the  traditional  lexicon  of 
psycholo^.  It  appears  nowhere  as  chapter  head  in  handbroks,  and 
rarely  as  index  entry.  Variability  is  not  a  psychological  function, 
nor  docs  it  refer  to  a  particular  context  of  real  life  in  which 
psychologists  can  show  their  expertise.  As  it  is  suggested  to  take  the 
concept  here,  it  is  a  propeny  of  the  material  with  wluch  psychologists 
are  dealing.  The  word  "material”  is  used  as  a  neutral  term,  because  a 
crucial  issue  is  whether  variability  is  a  more  or  less  inevitable 
propeny  of  the  data  available  to  psychologists  as  they  exploit  one  of 
their  more  or  less  adequate  methods  of  inquiry,  or  whether  it  is  an 
intrinsic  and  possibly  functionally  adaptive  property  of  the  behaving 
organism.  The  hypothesis  underlying  the  present  approach  is  that, 
traditionally,  psychologists  have  been  looking  at  variability  as  an 
undesirable  propeny  of  their  scientific  data,  resulting  from  the 
imperfections  of  their  methods  and  from  the  peculiar  characteristics 
of  their  subject  matter,  but  that  times  are  ripe  for  looking  at  variability 
in  its  own  right,  i.e.  as  one  important  aspect  of  behaving  organisms. 

In  a  first  pan  of  this  chapter,  we  shall  comment  briefly  on  some 
of  the  reasons  that,  throughout  the  history  of  psychology,  have 
encouraged  psychologists  to  deal  with  variability  as  something 
undesirable.  Then  we  shall  point  to  some  of  the  contexts  of  research 
where  psychologists  have  been  confronted  with  the  problem  of 
variability  as  a  possibly  intrinsic  property.  Finally,  we  shall  suggest 
links  between  these  various  areas  of  research,  that  have  usually  been 
kept  apan,  and,  at  a  larger  level,  links  with  theoretical  and 
epistemological  issues  that  have  emerged  in  other  fields  of  science  in 
the  past  few  years. 

Before  that,  it  is  advisable  to  give  our  key  word  simple  meaning, 
leaving  for  later  debate  refined  distinctions  between  different 
meanings  that  can  be  given  to  the  term  variability.  Variability 
refers  to  the  property  of  that  which  exhibits  variations.  Technically, 
variability  is  assessed  by  means  of  probabilistic  models,  which 
psychologists  have  been  familiar  with  for  many  years. 

Since  psychology  emerged  as  a  science,  variability  has  been 
considered  as  an  undesirable  aspect  of  collected  data,  that  should  be 
neutralized  if  it  turns  out  that  it  cannot  be  avoided.  Tliis  reflects  the 
psychologists’  obsession  to  give  their  field  as  much  scientific  dipity 
as  possible.  Physics  (classical  physics)  was  the  model  to  imitate, 
bo^  in  its  elegant  measurements  and  formulae  and  in  its  clarifying 
analysis  of  causal  relations,  resulting  in  a  world  view  in  which 
nothing  is  left  to  chance,  and  where  reversibility  is  the  rule,  even  for 
those  phenomena,  such  as  movements  and  changes,  which  only  to 
our  human  eyes  appear  to  be  time-oriented.  In  such  a  framework, 
variability  appeared  as  noise,  that  any  good  experimenter  should 
work  to  get  rid  of.  The  epistemological  reference  to  the  hard  science 
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par  excellence  converged  with  the  legitimate  methodological 
preoccupation  for  clean  experiments  ;  variability,  obviously  enough, 
often  reflects  poor  experimental  control,  and  psychologists  of  the 
past  and  of  the  present  are  certainly  not  to  be  blani^  for  their  efforts 
towards  more  rigourous  experimental  designs  and  manipulations. 
But  these  efforts  generally  imply  that  variations  are  noisy 
interferences  masking  lawful  relations.  If  general  laws  are  to  be 
drawn  from  experiments,  variations  arc  to  be  eliminated  or 
neutralized.  This  has  been  one  of  the  major  reasons  for  studying 
groups,  rather  than  individuals,  in  the  psychological  laboratory. 
When,  in  some  cases,  experimenters  think  they  can  tolerate 
variability  on  the  ground  that,  for  all  practical  purposes,  it  is  not 
worth  spending  time  and  energy  in  order  to  reduce  it,  they  simply 
adopt  statistical  defmidon  of  the  events  they  want  to  measure,  as  in 
sensory  thresholds  or  reaction  time  experiments. 

The  concern  for  constancy  and  stability  has  indeed  been  pervasive 
in  most  areas  of  psychology.  For  example,  much  energy  has  been 
invested  in  demonstrating  mental  tests  reliability.  The  stability 
through  time  of  the  measure  provided  by  the  instruments  has  often 
being  implicitly  transferred  to  the  thing  being  measured,  be  it 
intelligence  or  one  of  its  components,  and  finally  to  the  individual 
himself.  A  deviation  from  perfect  stability  has  been  interpreted  as 
reflecting  the  imperfection  of  the  instrument  (which  implies  that  the 
subject  is  stable)  or  the  imperfections  of  the  subject  (which  implies 
that  he  is  not  really  normal).  The  confusion  between  statistical  norm 
and  psychological  norm  has  been  a  persistent  problen  in  psychology, 
as  it  is  well-lmown;  deviation  from  the  ceno^  tendency  (the  word 
deviation  itself  is  loaded  with  connotations  of  normativity)  has  been 
interpreted  as  deviation  from  psychological  normality.  Similar 
efforts  have  been  made,  in  personality  research,  at  indentifying  stable 
personality  characteristics  and  traits,  altogether  pennanent  throughout 
an  individual's  lifetime  and  structually  consistent  at  any  given 
moment.  Various  brands  of  typologies  offer  illustrations  of  that 
trend. 

By  taking  this  stand,  psychologists  have  simply  shared  with 
many  scientists  and  philosophers  a  certain  view  of  the  place  of 
chance  in  the  universe.  This  view,  as  it  is  the  case  for  most  basic 
ideas  in  scientific  explanation,  goes  back  to  ancient  thinkers,  such  as 
Hippocrates  for  whom  "chance,  when  you  look  closely  at  it,  turns 
out  to  be  nothing.  All  what  happens  has  a  cause,  which  in  turns  has  a 
cause  that  produces  it  .One  cannot  figure  out  that  chance  could  exist 
in  nature  :  it  is  only  a  name  In  a  modem  version  of  this  view, 
chance  is  seen  as  "the  measure  of  our  ignorance"  after  Poincare's 
word.  It  has  of  course,  as  already  pointed  to,  been  consolidated  by 
the  very  successes  of  classical  physics  in  its  quest  for  a  description  of 
the  world  in  which  nothing  would  be  left  undetermined. 
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however,  there  has  been,  for  long,  another  way  to  think  of 
chance  in  nature.  Following  Aristotle,  it  contends  that  chance  has  its 
place  in  its  own  right  in  explaining  realty.  Probabilistic  accounts,  or 
randomness  proper  are  not  necessary  the  disguise  of  our  ignorances 
:  they  eventually  reflect  the  nature  of  things  proper. 

The  conflict  between  these  two  opposite  views  has  dominated,  as 
is  well  known,  the  history  of  modem  physics.  In  their  recent  book 
Entre  le  Temps  et  I'Etemit^  f  1988)  -  no  less  relevant  to  our  issue  than 
their  earlier  work  La  Nouvelle  Alliance  (1979)  -  Prigogine  and 
Stengers  show  how  Boltzmann,  confronted  with  the  problem  of 
irreversibility  in  thermodynamic  systems,  "forced  to  choose  between 
opening  physics  to  temporality  and  remaining  faithful  to  the 
principles  of  dynamics  the  constraints  of  which  he  was 
experiencing,  made  the  choice  of  fidelity.  To  the  dynamic  {that  is 
integrating  the  concept  of  irreversibility  -our  comment) 
interpretation  of  the  second  principle  (of  thermodynamics),  he 
subsituted  a  probabilistic  interpretation".  This  interpretation 
accounts  for  the  irreversibility  that  we  observe  in  terms  of  the  crude, 
"macroscopic"  character  of  our  observations  :  were  the  observer 
equipped  with  better  tools,  he  would  be  in  a  position  to  follow  each 
individual  molecule,  rather  than  populations,  and  would  describe  a 
reversible  system,  in  conformity  with  traditional  principles. 
Boltzmann  was  forced  to  this  interpretation  counter  to  his  own 
intuition. 

No  wonder  that  psychologists,  fascinated  as  they  were  by  the 
model  of  traditional  physics,  have  been  slow  in  facing  the  problem 
of  variability. 

They  have,  however,  been  repwtedly  confronted  with  phenomena 
that  could  not  be  accounted  for  in  the  traditional  way.  Change  of 
behavior  as  the  result  of  learning  is  a  case  in  point,  though  this  has 
often  been  overlooked,  as  we  shdl  see  in  a  moment.  The  problem  is 
even  more  crucial,  of  course,  when  one  comes  to  problem  solving, 
whenever  new  solutions  must  be  found  for  an  organism  to  adjust  to  a 
new  situation,  or  when  one  comes  to  that  category  of  novel  behavior 
that  we  call  creative.  It  has  been  faced  also  in  the  field  of 
developmental  psychology,  where  the  idea  of  mere  unfolding  of 
prebuilt  potentialities  has  l^en  abandoned  long  ago,  and  in  the  field 
of  ethology,  where  instinctive  behavior  has  been  shown  to  exhibit  a 
much  wider  range  of  adaptability  than  had  been  thought  before. 

The  study  of  exploratory  behavior,  of  play  in  (satiated)  animals 
and  humans  has  raised  similar  questions  in  another  context.  The 
functions  of  play  arc  manifold  -  including  preliminary  excrcice  of  a 
developing  capacity,  the  maintaining  of  a  certain  level  of  activity  even 
when  the  environment  is  not  very  stimulating,  the  collect  of 
information  that  can  be  used  later,  etc...  But  many  forms  of 
exploratory  and  play  behavior  seem  to  have  one  important  ingredient 
in  common  :  the  production  of  a  range  of  behaviors  that  do  not  have 
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an  immediate  adaptive  value,  but  do  certainly  contribute  to  adaptation 
in  the  long  run. 

Clinical  psychologists,  in  their  own  field,  were  never  very  happy 
with  the  traditional  accounts  of  experimenters  :  individuals  history 
contain  events,  bifurcations,  singularities  that  general  laws  do  not 
seem  to  explain  very  satisfactorily. 

In  spite  of  all  these  and  other  empirical  situations,  psychologists 
have  resisted  to  considering  variability  and  variations  as  an  intrinsic 
property  of  their  subject  matter. 

This  is  all  the  more  surprizing  since  the  key  explanatory 
concepts  had  been  offered  for  some  time  by  biology,  in  the 
framework  of  evolutionary  theory.  A  number  of  psychologists  have, 
of  course,  been  aware  of  the  possibility  to  approach  their  own 
problems  with  that  valuable  tool.  To  quote  only  a  few  of  the  most 
famous  of  those,  an  evolutionary  account  of  learning  or  of 
intelligence  has  been  proposed  in  classical  papers  by  Tolman  (1925, 
1932),  Campbell  (1974),  etc  .  But  it  did  not  follow  that  research  in 
these  areas  developed  extensively,  with  emphasis  on  the  study  of 
variati''  as  playing  a  central  role  in  behavioral  changes  and 
noveiri': , 

.  shall  discuss  here  at  some  length  the  case  of  Skinner  and  of 
tlie  part  of  the  field  of  learning  that  is  linked  with  his  name  (for  a 
more  detailled  discussion,  however  see  Richelle,  1987). 

In  several  of  his  recent  theoretical  papers,  Skinner  has  explicitly 
and  repeatedly  exposed  his  view  of  the  learning  process  as  involving 
essentially  the  same  sort  of  mechanism  as  biological  evolution, 
namely  a  combination  of  variation  and  selective  pressure 
(Skinner,  1966,  1981,  1985).  The  latter  is  exened  in  individual 
learning  by  the  action  of  the  reinforcement,  that  Skinner  defines  as  a 
selective  action.  This  view  had  already  been  expressed  as  early  as 
1953  in  his  book  Science  and  human  Behavior,  and  it  was,  indeed, 
already  in  germ  in  his  early  thirties  theoretical  papers.  This  would 
have  suggested,  at  least  from  the  mid  fifties  or  so,  to  experimenters 
in  that  particular  field,  -  that  revealed  quite  prosperous  in  those  days 
-  systematic  attention  to  the  nature  and  the  sources  of  variations,  that 
were  assumed  to  provide  the  raw  material  upon  which  the  selective 
action  of  the  reinforcer  could  operate. 

According  to  this  hypothesis,  there  should  be,  in  individual 
learning,  some  sources  of  variation  equivalent  to  biological  variations 
due  to  mutagenic  processes  and  to  the  recombination  of  genetic 
material  by  sexual  reproduction  within  populations.  But  the  sources, 
the  nature  and  the  role  of  behavioral  variations  were  to  be 
documented  if  the  evolutionary  analogy  was  to  gain  some  heuristic 
and  explanatory  value  at  the  level  of  ontogeny.  Curiously  enough, 
with  very  few  casual  exceptions  that  went  unnoticed,  practically  none 
of  Skinner’s  followers  engaged  in  that  sort  of  enquiry  until  the 
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seminal  paper  by  ^taddon  and  Simmelhag  (1971)  and  a  few  other 
theoretical  contributions  about  the  same  time  (Segal,  1972).  Sdll 
then,  much  more  attention  continued  to  be  devoted  to  the  selective 
action  of  the  environment  (under  the  concept  of  contingencies  oj 
reinforcement  familiar  to  operant  conditioners)  than  to  the  sources  of 
variation;  much  more  attention  has  been  given  to  the  study  of  steady 
states  -  that  is  to  say  the  maintenance  of  behavior  acquit^  earlier  - 
than  to  the  dynamic  phase  of  learning,  in  which  the  role  of  behavioral 
variations  was  more  likely  to  appear.  This  has  consolidated  the  idea, 
that  has  eventually  been  adopted  by  many  psychologists  in  other 
fields  as  well  as  by  the  laymen,  that  conditioning  is  a  process  of 
stereotyped  repetition  of  simple  motor  behaviors,  that  it  has  little  to 
do  with  more  complex  adaptive  behavior,  and  that  it  certainly  has  no 
link  whatsoever  with  problem  solving,  not  to  speak  of  creativity. 
This  has  resulted  in  a  most  curious  dissociation  between  the  current 
picture  of  a  basic  behavioral  mechanism  -  and  indeed  the  bunch  of 
empirical  data  accumulated  in  the  laboratory  -  and  the  main  theoretical 
tenets,  which,  in  Skinner's  mind,  offered  unified  treatment  of 
individually  adapted  behavior,  from  the  apparently  simple  forms 
observed  in  animals  up  to  the  most  elaborate  conducts  of  creative 
humans  (Skinner,  1970,  1971).  As  it  were,  only  one  half  of  the 
learning  process  has  been  seriously  explored  during  the  fifty  years  or 
so  of  research  in  the  Skinnerian  tradition. 

The  situation  is,  in  some  way,  quite  comparable  to  Boltzmann's 
difficulty  in  going  beyond  the  traditional  paradigm,  in  spite  of  his 
own  intuition  to  the  contrary.  It  is  worth  mentioning  at  this  point,  as 
pointed  out  by  Prigogine  and  Stengers,  that  Boltzmann's  repressed 
intuition  had  been  essentially  inspired  by  Darwinian  thinking,  -  as 
later  Prigogine's  approach  itself,  that  led  him  to  the  discovery  of 
dissipative  structures  and  to  his  recent  reformulation  of  the  place  of 
time  in  physics. 

It  is  fair  at  this  point  to  mention  the  existence  of  a  few 
experimental  studies  on  the  specific  issue  of  behavioral  variability  in 
learning  processes.  Some  are  closely  linked  with  an  interest,  that 
develoj^  in  the  seventies,  for  the  stream  of  behavior  that  takes  place 
besides  the  conditio-  ^d  responses  that  are  being  controlled  and 
recorded  -  an  inter  mainly  derived  from  the  encounter  with 
ethology  and  with  :;ie  species-specific  constraints  on  learning 
mechanims.  Other  experiments  have  been  explicitly  designed  to  study 
variability  of  conditioned  responses,  -  coming  back  to  an  early 
Skinnerian  concept  defining  the  operant  as  a  class  of  responses, 
within  which  there  is  freedom  to  vary  from  intance  to  instance  -. 
Such  experiments  are  aimed  at  describing  conditions  that  favor  or 
restrict  variability,  and  at  exploring  the  possibility  to  use  variability  as 
the  critical  dimension  of  behavior  upon  which  the  reinforcement  will 
be  contingent.  In  other  words,  can  variability  be  selected  as  an 
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adaptive  device  ?  These  studies  have  a  direct  relation  with  the  present 
project  and  will  be  reviewed  below  in  this  chapter  (sec  2.2.2. 1.). 

The  heuristic  value  of  the  evolutionary  analogy  in  psychology 
has  also  been  recognized  by  other  major  theorists,  whose  work  has 
shaped  XXth  century  psychology.  Lorenz  has  played  a  central  role  in 
putting  the  study  of  animal  behavior  in  evolutionary  perspective,  and 
he  has  given,  in  his  later  works,  extensive  treatment  to  the  concept  of 
variation  in  relation  with  individual  learning  mechanisms.  The  notion 
of  open  vs  closed  programmes  for  learning  opposes  species 
exhibiting  high  behavioral  variabili^' ,  and  consequently  high  capacity 
for  learning,  as  a  consequence*  of  having  evolved  in  a  changing 
environment,  and  species  that,  to  the  contrary,  because  they  have 
evolved  in  a  homogeneous  environment,  are  equipped  with  very 
limited  though  very  efficient  behavior  patterns,  with  little  place  for 
flexible  adjustment  to  unusual  conditions.  For  instance,  horses,  or 
jelly-fishes,  which  have  evolved  in  a  highly  homogeneous 
environment,  have  developed  behaviors  that  are  finely  tuned  and  very 
effective  in  that  stable  ecological  niche.  Rats,  and  humans  have  been 
evolving  in  most  various  evironments  in  which  individual  styles  of 
adjustment  are  essential  for  survival. 

Piaget  has,  of  course,  throughout  his  monumental  work, 
continuously  resorted  to  evolutionary  thinking.  His  search  for 
continuity  from  elementary  forms  of  biological  processes  and  the 
most  complex  achievements  of  the  human  mind  in  logics  and  science 
makes  him  probably  the  most  biologically  oriented  psycholo^st  in 
our  century.  Richelle  (1976)  has  argued  elsewhere  that,  in  spite  of 
important  differences,  Piaget  and  Skinner  have  in  common  some 
basic  views  with  respect  to  die  evolutionay  analogy  and  to  the  role  of 
variations  (cf  Piaget's  concept  of  desequilibrium )  in  the  dynamics  of 
behavior.  Though  their  experimental  work  can  be  criticized  on  the 
basis  of  more  carefully  collected  data,  and  though  some  aspects  of 
their  theoretical  formulation  need  revision  in  the  light  of  recent 
advances,  it  seems  highly  significant  that,  having  started  on  so 
different  paths,  they  eventually  leave  us  with  very  similar  questions 
opened  for  further  research. 

To  these  three  major  theoretical  contributions,  one  could  add  a 
number  of  possibly  less  ambitious  or  less  prestigious,  though  no  less 
significant  works.  We  shall  not  undertake  to  enumerate  them  all  here. 
Suffice  it  to  give  a  few  examples,  already  alluded  to.  The  study  of 
exploratory  behavior,  including  the  pharmacological  and  the 
neurophysiological  aspects,  has  offered  many  confirmations  of 
intrinsic  variability  (see,  among  others,  the  work  of  Devenport).  In  a 
completely  different  area,  the  case  of  differential  psychology 
deserves  special  attention.  Differential  psychology  deals  with 
interindividual  variations,  contrary  to  various  fields  of  research 
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mentioned  up  to  now,  which  ical  with  intraindividual  variations, 
as  does  also  the  present  piece  of  research.  But  interindividual 
variations  arc  of  no  less  interest  in  biological  thinking  than 
intraindividual  variations  :  variability  within  a  population,  that  is 
between  individuals,  is  an  essential  factor  in  the  dynamics  of 
evolution.  In  psychology,  intcrindividual  variations  have  been 
looked  at  in  exactly  the  same  way  as  intraindividual  variations.  They 
have  been  treated  as  unfortunate  and  uninteresting  deviations  from 
the  norm,  or  central  tendency  of  a  population,  as  divergences  that  go 
counter  the  strict  lawfulness  of  nature.  Differential  psychologists 
have  been  keeping  themselves  busy  at  identifying  the  factors 
accounting  for  these  deviations,  mainly  because  they  cannot  be 
ignored  for  practical  purposes  -  if  people  are  different,  you  have  to 
t^e  these  differences  into  account  when  they  are  to  be  put  in  a  school 
or  in  a  job  -  but  these  remain  essentially  minor  violations  to  basic 
similarity.  And  differential  psychology  has  been  seen  as  a  minor 
field,  imposed,  so  to  speak,  by  daily  like  practical  constraints, 
though  with  litdt  bearing  on  a  general  and  deep  understanding  of 
behavior  and  mind.  Significantly  enough,  differential  psychology 
had  no  place  of  it  own  in  the  well  known  handbook  of  experiment^ 
psychology  that  was  used  as  the  reference  work  by  French  speaking 
psychologists  for  the  last  25  years  (Fraisse  and  Piaget,  1963);  it  was 
devoted  a  full  section  of  the  comparable  reference  b(x>k  in  applied 
psychology  (Pi6ron,  1960). 

No  doubt  that  this  peculiar  status  of  differential  psychology  was 
to  some  extent  influenced  by  the  popular  ideology  of  equality  of  men. 
Many  psychologists  failed  to  make  the  impor^t  distinction  between 
the  ethical  concept  of  equality  and  the  empirical  fact  of  diversity. 
Psychological  differences  were  looked  at  blemishes,  with  the 
consequence  that  the  productive  aspect  of  variations  were  lost  in  the 
process. 

A  change  of  perspective  has  emerged,  however,  in  the  last  few 
years.  Some  differential  psychologists  have  turned  to  a  radically 
different  view  of  their  own  field.  Interindividual  variations  are 
analysed  as  reflecting  the  richness  of  adaptative  potential  at  the  level 
of  a  population.  This  approach  has  been  applied  to  cognitive 
development  and  problem-solving.  Various  strategies  observed  in 
different  individu^s  confronted  with  a  problem  situation  are  seen  as 
offering  a  range  of  alternatives,  each  of  which  have  its  heuristic 
value,  especially  if  the  context  of  changes.  The  obsession  for  rank 
ordering  various  strategies  hierarchically  is  abandoned.  (For  an 
example  of  this  new  approach  to  differential  psychology,  see 
Lautrey,  1988). 

To  sum  up,  we  see  converging,  from  very  different  alleys,  ideas 
and  facts  that  confirm  the  hypothesis  that  behaving  organisms  are  to 
some  extent  "generators  of  variability",  because  selection  upon 
variations  is  the  general  unifying  mechanism  at  work  in  the 
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production  of  novelty  in  the  living  world,  be  it  at  the  level  of 
phylogeny,  at  the  level  o^  individual  learning  (  not  to  be  conceived  of 
outside  the  species  population  anyhow)  or,  as  has  been  suggested  by 
several  schools  of  thought  in  cultural  anthropology,  at  the  level  of 
cultural  history. 

Before  we  focus  on  aspects  of  the  issue  more  specifically  relevant 
to  the  present  project,  it  is  appropriate  to  broaden  our  scope  for  a 
while,  and  to  point  to  the  fact  that  conc"  ’  >r  variability,  and  more 
generally  for  a  variation/selection  accou:  >1"  changes,  is  not  limited 
today  to  a  few  psychologists  -  in  add*.. on  to  the  professional 
biologists  traditionally  working  along  Darwinian  lines.  A  similar 
trend  can  be  observed  in  a  number  of  other  areas  of  research. 

An  evolutionary  approach  to  the  problem  of  science  development 
had  already  been  adopted  years  ago  by  Popper  (Objt  r  ive 
Knowledge.  An  evolutionary  approach.  1972). 

In  his  introduction  to  the  French  edition  (1978)  of  The  Ic  gic  of 
Scientific  Discovery.  Jacques  Monod  rightly  pointed  out  : 
"ODnjecture  and  refutation  play  in  the  development  of  knowledge  the 
same  logical  role  (as  sources  of  information)  as  mutation  and 
selection,  respectively,  in  the  evolution  of  the  living  world.  And  if 
natural  selection  has,  in  the  living  world,  been  able  to  build  the 
mammals'  eye  or  the  brain  of  Homo  sapiens,  why  would  selection  of 
ideas  not  have  been  able,  in  its  own  realm,  to  build  the  Darwinian 
theory  or  Einstein's  theory  ?” 

Especially  relevant  to  our  argument  is  Popper's  characterization  of 
the  growth  of  knowledge  as  a  special  case  of  learning  :  "The  growth 
of  knowledge  -  or  the  learning  process  (italic  ours)  -  is  not  a 
rep)etitive  or  a  cumulative  process  but  one  of  error  -  elimination.  It  is 
Darwinian  selection,  rather  than  Lamarckian  instruction". (Objective 
knowledge,  p.  144)  "All  this  may  be  expressed  by  saying  that  the 
growth  of  our  knowledge  is  the  result  of  a  process  closely 
ressembling  what  Darwin  called  "Natural  selection";  that  is  the 
natural  selection  of  hypotheses  :  our  knowledge  consists,  at  every 
moment,  of  those  hypotheses  which  have  shown  their  (comparative) 
fitness  by  surviving  so  far  in  their  struggle  for  existence;  a 
comparative  struggle  which  eliminates  those  hypotheses  which  are 
unfit".  (Ibid,  p.  261). 

Popjjer  goes  on  by  framing  this  view  of  the  evolution  of  scientific 
knowledge  in  the  general  view  of  the  development  of  knowledge  -  or 
learning  *  in  living  systems  ;  "This  interpretation  may  be  applied  to 
animal  knowledge,  pre-scientific  knowledge,  and  to  scientific 
knowledge."  He  further  insists  on  the  status  of  the  analogy  ;  "This 
statement  of  the  situation  is  meant  to  describe  how  knowledge  really 
grows.  It  is  not  meant  metaphorically,  though  of  course  it  makes  use 
of  metaphores...  From  the  amoeba  to  Einstein,  the  growth  of 
knowledge  is  always  the  same  ...."  ( Ibid,  p.  261) 


In  a  field  quite  close  to  psychology,  neurobiology,  nu^or  recent 
theoretical  advances  are  centered  on  similar  concepts.  Afier 
Changeux 's  theory  of  ’’selective  stabilisation",  that  unfortunately 
missed  a  real  ^  .  ounter  with  current  relevant  research  in 
psychology,  the  recent  book  by  Edelman  (1987)  Neural  Darwinism. 
The  theory  of  neuronal  group  selection,  will  certainly  appear  as  a 
decisive  breakthrough,  as  well  as  a  unique  source  of  inspiration  for 
psychologists  involved  in  research  on  variability.  This  book  would 
deserve  a  thorough  discussion,  that  would  extent  far  beyond  our 
present  concern  here,  not  only  as  to  its  central  propositions  for 
neuronal  mechanisms  underlying  learning,  but  also  as  to  its  general 
questioning  of  the  current  information  processing  paradigm,  that 
dominates  today  cognitive  psychology,  and,  as  many  psychologists 
believe,  psychology  at  large.  We  shall  only  make  two  shon 
quotations  from  Edeln.an’s  conclusion  chap.er,  that  perfectly  fit  in 
the  general  scheme  of  this  theoretical  introduction. 

"It  is  imponant,  for  example,  to  distinguish  between 
evolutionarily  determined  behavioral  responses  and  those  dependent 
upon  individual  \ariation  in  somatic  time  within  a  species.  In  somatic 
time,  the  first  view  implies  instruction  -  information  from  the 
environment  fundamentally  determines  the  order  of  functional 
connectivity  (although  not  necessarily  that  of  physical  connectivity) 
in  nervous  system.  The  second  alternative  is  selection  -  groups  in 
preexisting  neuronal  repertoires  that  form  populations  determined  by 
phylogeny  and  ontogenetic  generators  of  diversity  are  selected  by 
stimuli  to  yield  highly  individual  response  pattcius." 

Edelman  proposes  a  neuronal  theory  that  integrates  the 
developmental  dimension  and  me  requirements  assigned  by  the  study 
of  behavior  both  in  ethology  and  in  experimental  studies  of  learning 
mechanisms  (the  synthesis  suggested  above  between  Piaget,  Skinner 
and  Lorenz),  and,  though  resisting  the  temptation  to  venture  into 
generalizations  to  cultural  evolution,  he  envisions  the  reconciling 
between  the  lawfulness  of  nature  and  the  individual  creation  of 
novelty : 

"If  extension  to  such  issues  finally  turned  out  to  be  feasible, 
then  it  would  not  be  surprising  if,  to  some  extent,  every  perception 
were  considered  to  be  an  act  of  creation  and  every  memory  an  act  of 
imagination.  The  individualistic  flavor  and  the  extraordinary  richness 
of  selective  repertoires  suggest  that,  in  each  brain,  epigenetic 
elements  play  major  and  unpredictable  roles.  Categoricad  genetic 
determini.'Jm  has  no  place  in  such  systems;  neitlier  has  instructionist 
empiricism.  Instead,  genetic  and  developmental  factors  interact  to 
yield  systems  of  remarkable  complexity  capable  of  an  equally 
remarkable  '’egree  of  freedom.  TTie  constraints  placed  on  this 
freedom  by  chronology  and  by  the  limits  of  repertoires,  while 
definite,  do  not  seem  as  impressive  as  the  unending  ability  of  scxnatic 
selective  systems  such  as  the  brain  to  confront  novelty,  to  generalize 
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upon  it,  and  to  adapt  in  unforeseen  fashions." 

Finally,  we  should  draw  attention  to  the  challenges  faced  by 
psychologists  in  the  field  of  A.I.  The  main  ambition  for  the  near 
future  is  to  build,  if  this  eventually  reveals  possible  at  all,  machines 
endowed  with  a  capacity  for  learning  from  their  previous  behavior, 
not  only  in  terms  of  increased  memory  storage,  but  of  improved 
adaptation  to  unexpected  problems,  and,  one  step  farther,  creative 
machines  There  are  some  hints  that  adequate  ntKxlels  to  produce  such 
"automata"  (maybe  the  word  is  inappropriate  to  name  a  novelty 
producing  device)  will  imply  some  variability  generating  system,  and 
will  be  designed  ^ter  the  evolutionary  analogy,  that  will  have  proven 
successful  to  account  for  changes  and  tlie  emergence  of  new  forms  at 
all  level  of  the  living  world,  and  to  inspire  man-made  artifical  man¬ 
like  robbots. 

2.2.  BEHAVIORAL  VARIABILITY  IN  PROBLEM-SOLVING  AND 
LEARNING  PROCESSES 

In  this  chapter,  selected  studies  in  the  field  of  problem-solving, 
and  in  the  field  of  learning  will  be  reviewed  within  the  general 
theoretical  framework  outlined  in  the  preceding  section.  Other 
domains  mentioned  and  briefly  discussed  in  the  preeceding  section 
will  be  left  out,  because,  though  theoretically  no  less  imponant,  they 
are  less  relevant  to  the  research  that  will  be  reported  in  the  next 
chapters. 

2.2.1 .  BEHAVIORAL  VARIABILITY,  PROBLEM-SOLVING  AND 
CREATIVITY  -  A  SELECTED  REVIEW 

Problem-solving  is  a  major  topic  in  research  on  human 
intelligence.  Studies  of  problem-solving  have  developed  in  various 
directions,  using  various  methods  adapted  to  various  levels  of 
complexity,  but  the  phenomena  addressed  to  share  basic  common 
traits.  A  problem  is  always  a  situation  that  is  novel,  in  some  respect, 
for  the  subject,  so  that  he  does  not  have  in  his  repertoire  the  particular 
behavior  at  hand,  that  would  provide  the  solution.  Experiments  on 
problem-solving,  however,  have  often  emphasized  problems 
designed  after  problems  already  familiar  to  the  subjects  and/or  having 
only  one  solution.  They  also,  quite  often,  focus  on  the  solution 
proposed  rather  than  on  the  ways  used  by  subjects  to  find  it  out. 
Studies  of  that  kind  arc  not  relevant  to  our  concern. 

Some  researchers,  however,  have  been  more  specifically 
interested  in  observing  how  subjects  perform  in  very  unusual 
situations  and  in  the  successive  steps  they  take  towards  a  solution. 
To  that  end,  they  have  designed  situations,  typically  characterized  by 
their  novelty,  providing  for  observation  of  procedures  used  by  the 
subject,  and  allowing  for  several  (equivalent  or  non  equivalent) 
solutions.  Some  of  these  studies  arc  reviewed  hereafter. 
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In  a  first  type  of  situations,  subjects  (usually  human  adults)  are 
faced  with  a  complex  goal :  they  have  to  solve  a  practical  problem  by 
using  one  or  several  common  objects,  which  have  a  specific  function 
in  daily  life,  in  a  novel,  totally  unusual  way. 

The  "candle"  problem  designed  by  Duncker  (1945)  is  a  classical 
example.  Subjects  arc  instructed  to  mount  a  candle  on  a  wall. 
Available  to  them  are  cardboard  match  and  thumbtack  boxes,  matches 
and  thumbtacks.  The  problem  can  be  solved  by  tacking  an  emptied 
box  to  the  wall  and  placing  the  candle  in  or  on  it 

The  "two  ropes  problem"  of  Maicr  (1930)  is  an  other  example  of 
the  same  type.  In  this  problem,  two  ropes  are  attached  to  the  ceiling 
and  subjects  are  instructed  to  join  the  two  ropes.  However,  the 
spacing  between  the  two  ropes  does  not  enable  the  subject  to  seize 
one  rope  while  holding  the  other.  The  problem  can  be  solved  by 
giving  an  oscillatory  movement  to  one  of  the  two  ropes.  Different 
objects  are  available  (such  as  electric  relays)  that  can  be  used  as 
weight  to  transfonn  the  rope  in  a  "pendulum".  Such  situations  seem 
appropriate  to  investigate  what  has  been  called  the  "functional  fixity" 
of  subjects,  who  stick  at  the  usual  way  to  look  at  objects  and, 
consequently,  are  prevented  Irom  finding  out  a  solution. 

A  main  result  of  these  studies  is  that  it  is  possible  to  increase  or  to 
decrease  the  subjects’  difficulties  in  solving  the  problems  by 
manipulating  the  functional  value  of  objects.  For  example,  in  the 
"candle  problem",  the  fact  to  present  the  box  full  of  thumbtacks, 
rather  than  empty,  increases  the  subjects’  difficulty  in  using  the  box 
as  a  support  for  the  candle  (Adamson,  1952)  (this  effect  is  still 
increased  when  a  high  motivation  level  is  induced  in  the  subject 
(Glucksberg,  1962).  In  the  "two  ropes  problem",  if  subjects  are  fu^t 
invited  to  use  an  object  in  its  usual  way  (f.i.  the  electric  relay  to 
complete  an  electric  circuit),  they  experience  more  difficulties  in 
using  it  later  for  a  different  function  (as  the  weight  of  the  pendulum) 
(Adamson  and  Taylor,  1954). 

On  the  contrary,  if  subjects  are  first  trained  to  consider  unusual 
utilizations  of  available  objects,  their  performance  improves. 

The  global  effect  of  several  types  of  incentives  (e.g. :  "be  active" 
(Adamson,  1952))  or  hints  (e.g. :  the  experimenter  guides  the  subject 
to  the  solution  by  insisting  on  some  elements  (Maier,  1931))  has  iso 
been  analysed. 

The  exploitation  of  such  situations  is,  however,  limited  by  the  fact 
that  few  subjects  find  the  solution.  Moreover,  evaluation  of 
performances  is  complex  and  the  analysis  of  all  variables  involved  is, 
as  one  might  say,  impossible  (subjects  can  only  be  compared  with 
regard  to  ^e  number  of  trials  and  to  the  time  necessary  to  reach  the 
goal,  two  measures  which  leave  out  most  relevant  informations  as  to 
dieir  strategies). 
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Another  type  of  problems  provides  for  systematic  study  of  the 
subjects’  capacity  to  change  their  method  during  the  course  of  the 
experiment.  Some  of  these  problems  are  less  complex  that  those 
described  above  and  can  be  proposed  to  children  as  well.  Here,  the 
work  of  Luchins  (1942)  is  a  classic  reference.  He  showed  his 
subjects  (adults  and  children)  several  printed  mazes  (see  example 
below)  and  asked  them  to  find  the  correct  itinerary  and  to  map  it  out 
with  a  pencil.  In  these  successive  mazes,  the  correct  itinerary  was 
always  the  same;  it  was  called  "training  itinerary" ;  T  (to  turn  to  the 
right  just  after  the  entry  and  next  to  go  a  long  way  round  before 
reaching  the  goal).  Then,  he  proposed  a  maze  with  a  similar  aspect 
but  in  which  a  second  itinerary  is  possible  that  directly  connects  the 
entry  to  the  goal.  This  last  one  was  called  "direct  itinerary" :  D. 


In  all  age  groups,  the  great  majority  of  subjects  continued  to 
follow  the  indirect  itinerary  (T).  Luchins  called  this  phenomenon 
"psychical  blindness".  A  similar  concept,  "mental  rigidity",  was 
proposed  by  Oleron  (1955).  The  effects  of  several  variables 
(environmental,  cognitive  and  motivational)  on  this  phenomenon 
have  been  analysed.  Cowen  (1952)  showed  that  "psychical 
blindness"  is  increased  in  a  stress  situation.  The  effect  of  "psychical 
blindness"  has  been  confirmed  with  mathematical  problem-solving 
("jar-problems",  Luchins,  1942),  the  discovery  of  words  hidden  in 
sets  of  leners  (Luchins,  1942;  Maltzman,  Fox  and  Morrisctt,  1953), 
or  the  change  of  the  orientation  in  block  design  tasks  (Botson  and 
Deli^ge,  1976). 

However,  as  already  noted  by  Luchins  himself,  it  must  be 
emphasized  that,  in  all  age  groups,  some  subjects  are  not  affected  by 
the  "psychical  blindness"  effect. 


Relevant  to  this  last  point,  observations  by  Kaufmann  (1979) 
using  a  modified  version  of  the  Luchins'  jar-problems,  show^  that 
some  subjects  spontaneously  change  their  method  of  solution.  On 
the  contrary,  other  subjects  always  use  the  same  method,  even  if 
easier  methods  are  possible.  Kaufmann  suggested  that  these  two 
types  of  subjects  can  be  characterized  by  two  different  cognitive 
styles  :  respectively,  the  "Explorer"  and  the  "Assimilator"  styles. 
Kaufmann's  study  is  original  in  that  it  takes  into  account  the 
spontaneous  behavior  exhibited  by  the  subjects,  no  particular 
solution  being  induced.  Though  the  type  of  problems  designed  by 
Luchins  provide  clear-cut  results,  in  terms  of  global  performance, 
and  of  effects  of  some  variables,  they  do  not  give  much  informations 
as  to  the  processes  involved. 

Harlow's  concept  of  "learning  set"  (Harlow,  1949)  is,  obviously, 
close  to  the  issues  discussed  above.  Harlow  explicitly  asked  the 
question  :  "What  are  the  types  of  learning  which  induce  a  more  or 
less  rigid  attitude  in  the  adaptation  to  a  new  situation  ?"  The  tasks  he 
used  were  simple  discrimination  tasks  and  the  experimental 
conditions  were  well  controlled.  In  Harlow's  experiment,  subjects  - 
children  and  monkeys  -  were  submitted  to  series  of  visual 
discrimination  problems.  Successive  pairs  of  objects  were  presented 
and  the  subject  was  to  choose  one  of  the  objects  according  to  a 
particular  characteristic  that  would  be  changed  from  one  series  to 
another.  In  the  last  series,  subjects  were  able  to  produced  a  correct 
response  after  only  one  trial. 

Subjects  had  been  developing  a  learning  set,  after  Harlow’s 
words,  they  had  been  learning  to  learn  so  that  they  would  be  able, 
progressively,  to  arrive  at  an  immediate  solution  to  new  problems 
(new,  though  of  a  typically  similar  structure).  What  is  enhanced  by 
developing  learning  sets  is  the  general  capacity  to  adapt  to  new 
problems. 

A  number  of  experiments  based  on  the  learning  set  concept  have 
explored  the  conditions  favouring  flexibility  (Buss,  1953;  Harlow, 
1949;  Schroder  and  Rotter,  1952).  As  a  rule,  they  show  that 
multiple  learning  (e.g.,  involving  in  each  successive  series,  a 
different  modality  of  a  same  criterion  or  a  change  of  criterion  from 
one  series  to  the  next)  increases  flexibility.  The  role  of  reinforcement 
has  also  been  investigated.  Buss  (1952,  1953)  has  found  that 
continuous  reinforcement  in  a  learning  set  procedure  increases  the 
rigidity  in  the  test-problems  and,  conversely,  that  intermittent 
reinforcement  increases  flexibility. 

These  studies  on  "learning  sets”  involve  very  simple  learning 
which  do  not  seem  to  have  a  direct  relation  with  the  usual 
problem-solving  situations.  Their  merit,  however,  has  been  to 
approach  the  problem  of  behavioral  flexibility  in  a  simple  rigorously 
controlled  situation,  providing  for  easy  measurement  of  crucial 
variables.  In  that  respect,  experiments  carried  out  after  Harlow’s 
model  meet  the  requirements  made  explicit  by  several  authors 


(OMron,  1955;  Richellc  and  Botson,  1974),  stating  that  notions  such 
as  rigidity  or  flexibility  will  take  a  precise  meaning,  only  when  they 
will  refer  to  objectively  measured  behaviors.  Using  simple  behaviors 
in  easily  controlled  conditions  is  "one  of  the  best  ways  to  prevent  the 
notion  of  rigidity  from  being  lost  in  abstracmess  and  remain  close  to 
metaphysical  concepts"  (Oleron,  1955,  p.  89). 

In  the  field  of  creativity,  various  studies  have  been  carried  out 
with  the  goal  of  increasing  the  subjects'  capacity  to  vary  their 
behaviors  in  an  original  way.  Some  of  these  studies  have  shown  that 
it  is  possible  to  build  upon  the  spontaneous  variability  of  an 
individual  in  order  to  enrich  his  behavioral  repertoire.  A  most  typical 
experiment  has  been  done  by  Pryor,  Haag  and  O'Reilly  (1969)  on 
sea  purpoises.  They  succe^ed  in  training  these  animals  to  emit 
increasingly  variable  behaviors  by  reinforcing  new  behaviors  as  they 
were  emitted.  "New"  was  defined,  in  that  case,  by  reference  to  the 
set  of  behaviors  previously  produced  in  the  session.  Subjects 
eventually  produced  motor  behaviors  that  had  not  been  observed  yet 
in  the  species,  though  described  in  neighbour  species.  Botson  and 
Deli^ge  (1976)  have  used  a  similar  procedure  with  very  young 
children  and  have  obtained  similar  results.  However,  they  have  met 
the  same  difficulties  as  Pryor  et  al  :  the  multiplicity  of  behaviors 
makes  the  situation  so  complex  that  the  observers’  memory  span 
cannot  keep  up  with  the  subjects’  variability;  and  identify  novel 
behaviors  to  be  reinforced. 

Goetz  and  Baer  (1973)  have  avoided  this  problem  by  requesting  4 
year-old  children  to  build  any  structure  with  wooden  blocks.  They 
systematically  reinforced  any  new  block  design;  children  did  indeed 
produce  a  wide  range  of  new  arrangments.  They  also  observed  that 
this  type  of  learning  may  be  transfei^  to  very  similar  tasks  but  not  to 
different  ones  (e.g.,  the  reinforcement  of  new  forms  of  painting  has 
no  effect  on  the  production  of  new  forms  of  building  ;  Holman, 
Goetz  and  Baer,  1977). 

Richelle  and  Botson  (1974)  choose  to  consider  flexibility  in  a 
functional  perspective  of  problems  solving  and  to  avoid  the 
development  of  flexibility  only  for  itself,  on  the  ground  that  an 
increase  in  behavioral  flexibility  out  of  context  and  without  a  goal 
would  be  void  of  meaning,  and  of  no  help  to  people  when  faced  with 
unexpected  problems.  In  a  series  of  experiments,  they  trained  5 
year-old  children  to  solve  practical  problems  by  using  materials  in 
unusual  ways,  by  destructuring  and  recombining  objects  and  pieces 
of  objects.  That  training  induced  flexibility  of  behaviors  that  was  not 
observed  among  subjects  of  a  control  group.  Furthermore,  this 
capacity  can  be  transfered  to  somewhat  different  tasks  used  as 
post-tests.  The  procedure  was  inspired  by  the  progressive  and 
errorless  approach  to  training  that  is  often  viewed  as  appropriate  only 
in  those  motor  training  involving  high  risks  (like  car-driving  or 
aircraft  piloting).  The  situation  was  organized  in  such  a  way  as  to 
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first  let  the  subjects  produce  a  succession  of  small  and  simple 
behavioral  units  from  his  familiar  repertoire.  Then,  difficulties  were 
progressively  increased.  The  experimenters  arranged  the 
contingencies  so  that  each  successive  behavior  would  be  adequate 
and  therefore  reinforced  by  approval.  This  refined  procedure  has 
various  advantages  ;  it  makes  it  possible  to  identify  difficulties  linked 
to  behavioral  modifications  during  learning  and  difficulties  related  to 
the  transfer  to  different  situations. 

Botson  and  Deliige  (1976)  have  attempted  to  describe  more 
precisely  the  main  processes  involved  in  the  sort  of  training  proposed 
by  Richelle  and  Botson  and  to  identify  those  behavioral  changes  that 
seem  crucial  in  solving  the  problems  to  which  subjects  were 
confronted.  They  have  systematically  analysed  two  types  of 
behaviors  :  (1)  classification  behaviors  :  the  subject  is  asked  to 
organize  a  set  of  elements  (objects  displayed  before  him/her)  in  any 
way  he/she  wishes  to  do.  After  his^er  first  arrangment,  he/she  is 
asked  to  carry  out  another  classification  and  so  on  ("cognitive 
change");  (2)  "handling"  behaviors  :  the  subject  has  to  change  the 
orientation  of  similar  wooden  blocks  in  order  to  embed  them  in  holes 
of  different  shapes  ("handling  change").  These  two  types  of 
behavior  change  can  be  seen  as  different  types  of  elementary 
"changes",  which  are  necessary  if  a  large  number  of  different 
solutions  to  a  given  problem  are  to  be  discovered.  Botson  and 
Deliege  have  studied  the  evolution  of  these  two  "elementary  aptitudes 
for  change”  as  a  function  of  age,  from  the  age  of  4  years  to  12  years. 
Results  have  shown  that  the  evolution  is  parallel  for  the  two  types  of 
"change" :  performances,  as  well  as  the  capacity  to  make  use  of  hints 
given  by  the  experimenter,  improve  as  a  function  of  age.  There  is 
also  an  increase  in  the  perseverance  in  searching  for  the  solution  to  a 
problem. 

We  shall  not  describe  in  further  details  the  numerous  exp>eriments 
reported  by  Richelle  and  Botson  (1974),  Botson  and  Deli^ge  (1976) 
and  Deliege  et  al.  (1982).  Suffice  it  to  capture  their  main 
conclusions,  that  arc  relevant  to  our  purpose.  What  they  have 
observed  docs  not  support  a  common  opinion  according  to  which 
behavioral  flexibility,  variability  or  creativity  -  however  one  likes  to 
name  it  -  is  decreasing  as  a  child  grows  older.  On  the  contrary,  such 
capacity  seems  to  be  the  results  of  a  slow  construction.  Initially,  the 
child  would  tend  to  repeat  the  same  type  of  solution  (stereotypy  or 
perseveration)  and  would  only  progressively  change  his  behaviors 
when  it  docs  not  work.  Their  results  also  showed  diat  subjects  can 
be  trained  to  change  their  behavior  or  their  "attitude"  if  appropriate 
procedures  are  put  to  work.  These  procedures  may,  paradoxically, 
be  highly  structured  and  controlled.  For  instance,  in  one  of  these 
experiments,  subjects  were  presented  with  a  wide  variety  of  objects 
on  which  they  would  apply  one  type  of  action,  say  pull  or  push. 
Objects  were  initially  of  a  lund  that  normally  induces  that  particular 
action  -say  press-buttons  for  push  -,  but  progressively  they  were  of  a 


kind  to  which  pushing  docs  not  usually  apply.  Experiencing  many 
situations  of  this  type,  subjects  would  eventually  exhibit  a  quite 
generalized  tendency  to  act  in  unusual  ways,  in  order  to  solve  a  given 
problem.  They  have,  in  some  way,  developed  a  "learning  set"  of  a 
particular  kind. 

These  studies  offer  a  good,  though  simple  illustration  of  the 
continuity  assumed  to  exist  between  creative  behaviors  and  other 
more  elementary  forms  of  behavioral  changes. 

If  this  condnuity  hypothesis  holds,  it  should  be  possible  to  look  at 
apparendy  most  simple  forms  of  learning  as  involving  basically  the 
same  kind  of  process  as  creative  behavior  displayed  in  an,  literature 
or  science,  or,  at  a  more  modest  level,  in  efficient  solving  of  unusual 
problems  diat  can  be  encountered  in  daily  life. 

In  the  next  section,  some  studies  on  variability  in  the  context  of 
simple  learning  -  namely  operant  conditioning  in  standard  situations  - 
will  be  reviewed  along  the  lines  followed  in  the  preceding  section. 

2.2.2.  BEHAVIORAL  VARIABILITY  AND  OPERANT  CONDITIONING 

2.2.2. 1.  A  selected  review 

Studies  to  be  reviewed  here  concern  humans  as  well  as  animals. 
(More  details  on  animal  studies,  however,  can  be  found  in  Boulanger 
et  al.  (1987)).  They  are  organized  around  two  main  axes  : 

(1)  the  influence  of  various  factors  on  spontaneous  variability  of 
the  operant  response. 

Spontaneous  variability  refers  here  to  variations  that  are  exhibited 
in  some  dimensions  of  a  given  response  (f.i.  its  duration,  its 
location,  its  strength,  its  structure,  and  so  on)  in  spite  of  the  fact  that 
such  variations  are  not  required,  that  is,  they  are  not  a  condition  for 
reinforcement; 

(2)  the  effect  of  selectively  reinforcing  the  variability  of  the 
operant  response. 

Here,  variability  is  assumed  to  be  a  property  of  behavior 
amenable  to  the  selective  action  of  the  consequences.  As  responses 
of  a  given  duration  or  location  can  be  shap^  by  reinforcing  these 
properties  selectively,  so  responses  characterized  by  their  variability 
can  be  rewarded  in  such  way  as  to  maintain  or  increase  variability. 

Operant  responses  are  either  simple  responses  or  complex 
responses,  i.e.  sequences  of  simple  responses.  These  complex 
responses  bring  us  closer  to  situations  classically  described  as 
problem-solving  tasks. 
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2. 2. 2. 1.1. 


Spontaneous  variabilily 


2. 2. 2. 1.1.1.  Simple  operant  responses 

Antonins  (1951)  is  to  be  credited  for  one  of  the  earliest  studies  on 
the  variability  of  operant  responses.  In  his  experiment,  location  was 
the  critical  dimension  of  the  response,  the  variations  of  which  were 
under  scrutiny.  The  rat  was  to  put  its  nose  at  any  place  along  a 
horizontal  split  50  cm  long.  No  particular  location  was  required  for 
the  response  to  be  reinforced.  When  rats  were  exposed  to  a 
continuous  reinforcement  schedule  (CRF),  in  which  each  response  is 
followed  by  a  food  reward,  variability  of  response  location 
progressively  decreased.  The  variability  increased  in  extinction  or  in 
intermittent  reinforcement  schedules,  ^kerman  and  Lanson  (1969) 
have  confirmed  Antonitis’  results  in  a  similar  procedure  with 
pigeons.  Since  then,  the  same  effects  have  been  observed  on  other 
dimensions  of  the  response  like  its  duration  (Crow,  1978;  Lachter 
and  Gorey,  1982;  ^^llenson,  Hurwitz  and  Nixon,  1961),  its 
intensity  (Notterman,  1959),  its  latency  (Stebbins,  1962)  and  its 
amplitude  -  measured  by  the  displacement  of  a  lever  -  (Herrick, 
1963,  1964,  1965;  Herrick  and  Bromberger,  1965). 

As  a  rule,  when  the  criterion  defining  the  operant  class  does  not 
put  much  constraint  on  the  range  of  variations,  initial  variability  (i.e. 
the  whole  range  of  authorized  variations  is  used)  eventually  gives 
place  to  stabilization  around  a  preferred  value.  This  increased 
stereotypy  under  exposure  to  continuous  reinforcement,  reflects  the 
control  by  the  reinforcement  and  can  be  explained  by  the  law  of  least 
effort  (Herrick  and  Bromberger,  1965),  or  in  terms  of  optimalization 
of  behavior  (e.g.,  Notterman,  1959;  Staddon,  1980). 

Several  authors  have  observed  an  increase  in  variability  in 
intermittent  reinforcement  schedules  (following  exposure  to 
continuous  reinforcement)  (Eckerman  and  Lanson,  1969;  Ferraro  and 
Branch,  1968;  Herrick  and  Bromberger,  1965;  Lachter  and  Gorey, 
1982;  Millenson  and  Hurwitz,  1961;  Tremont,  1984).  However, 
contradictory  results  suggest  that  various  factors,  besides 
intermittence  of  reir.orcement  proper,  can  influence  response 
variability  in  such  schedules  (Boren,  Moersbaecher  and  Whyte, 
1978;  Hermstein,  1961;  Millenson,  Hurwitz  and  Nixon,  1961).  In 
some  cases,  other  behaviors  interact  with  operant  responses  and  can 
modify  the  expression  of  its  variability.  TTiis  "behavioral  context" 
effect  seems  to  be  related  to  the  particular  dimension  of  the  response 
being  considered  (e.g.,  the  strenph  of  the  response  is  less  influenced 
than  inter-responses  intervals).  Intermittent  reinforcement  schedules 
involving  a  temporal  component,  such  as  Fixed  Interval  schedules 
induce  an  increase  in  variability.  Results  obtained  with  so-called 
ratio  schedules  (in  which  a  fixed  or  an  average  number  of  responses 
are  required  for  reinforcement),  arc  inconsistent. 
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In  children,  using  a  device  with  several  responses  available.  Me 
Cray  and  Harper  (1962)  have  obtained  a  decrease  of  the  variability  of 
the  response  location  in  continuous  reinforcement  and  an  increase 
under  intermittent  reinforcement  schedules  and  under  extinction. 

2. 2. 2. 1.1. 2.  Complex  responses 

Situations  were  the  reward  is  contingent  upon  correct  sequences 
of  simple  motor  responses,  come  closer  to  what  is  classically 
describe  as  problem-  solving  tasks. 

Vogel  and  Annau  (1973)  have  elaborated  such  a  task  for  pigeons. 
The  device  includes  a  4  x  4  light  bulbs  matrix,  two  response  keys 
and  a  grain  dispenser.  The  procedure  is  a  discrete  trial  procedure.  At 
the  start  of  the  trial,  the  upi:«r-left  bulb  is  bt.  The  trial  is  completed 
when  the  bottom  right  bulb  is  on.  Only  one  bulb  is  on  at  a  time.  The 
way  to  complete  a  trial  is  to  switch  the  light  step  by  step,  downward 
and  rightward,  by  operating  the  two  response  keys,  a  key  A  response 
producing  a  move  one  step  to  the  right  and  a  key  B  response  one 
step,  downward.  Three  responses  on  each  key,  in  any  order,  are 
enough  to  complete  a  correct,  reinforced  trial.  Any  extra  (4th) 
response  on  one  key  (moving  the  light  vinually  out  of  the  matrix) 
stops  the  trial.  There  are  20  equally  correct  ways,  and  30  possible 
incorrect  (ending  with  a  4ih  response  on  one  of  the  keys)  sequences. 

The  same  task  has  been  used  by  Perikel  (1982)  with  rats.  It  has 
been  used  by  Schwartz  (1980,  1981a)  with  pigeons  in  a  slightly 
modified  form  (5x5  light  bulbs  matrix  instead  of  4  x  4).  In  each 
case,  a  high  decrease  of  sequences  variability  with  emergence  of  a 
dominant  sequence  (which  appears  in  the  majority  of  trials)  is 
observed  when  all  correct  trials  are  reinforced.  The  sequences 
variability  increases  under  extinction,  except  in  pigeons  which  have 
received  an  intensive  training  prior  to  extinction  (50  sessions  of  50 
trials  instead  of  20  sessions)  (Schwanz,  1980, 1981a). 

These  results  suggest  that  the  learned  patterns  of  responses 
become  functionallly  integrated.  That  is,  the  complex  sequence 
becomes  a  behavior  unit  in  itself,  rather  than  a  combination  of 
independent  simple  response  units;  and  it  is  little  influenced  by 
environmental  changes. 

Data  from  other  experiments  suppon  this  hypothesis : 

-  interrupting  the  training  sessions  for  60  days  does  not  influence 
the  performance  or  the  variability  of  the  sequences  when  the  pigeons 
are  replaced  in  the  training  situation  (Schwartz  and  Reilly,  1985). 

-  for  pretrained  pigeons,  a  modification  of  the  light  cues 
("light-ofr  mar  lx  or  random  displacement  of  visual  cues)  only 
temporarily  alters  the  performance,  and  the  dominant  sequence. 
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developed  during  pretraining,  rapidly  reappears  (Schwartz,  1981b); 

-  pretrained  pigeons  placed  in  a  Fixed  Interval  Schedule  (FI)  or  in 
a  Fixed  Ratio  Schedule  (FR)  do  not  increase  the  variability  of  their 
sequences  (Schwartz,  1982b).  These  schedules  only  modify  the 
latency  (i.e.,  time  between  the  beginning  of  a  trial  and  the  first  peck 
of  the  sequence).  They  have  no  effect  on  the  time  separating  pecks 
within  the  sequence. 

-  if  one  considers  the  sequences  as  individual  responses,  the 
behaviors  of  pretrained  pigeons  which  are  submitted  to  multiple  or 
concujrent  schedules  of  reinforcement,  arc  similar  to  those  observed 
in  studies  on  simple  responses  (Schwartz,  1986). 

At  fu^t  sight,  these  results  seem  to  confirm  that  a  sequence  is  not 
really  a  complex  sequence  composed  of  independent  pecks,  but  that  it 
forms  an  organized  unit. 

Parallel  experiments  have  been  carried  out  with  human  adults. 
Using  a  5  X  5  matrix,  Schwartz  (1982c)  has  shown  that  human 
subjects  also  adopt  a  stereotyped  behavior  when  they  are  reinforced 
for  50  %  of  their  correct  sequences  and  that  the  variability  of  their 
sequences  increases  in  extinction.  If  only  one  subclass  of  all 
possible  sequences  is  reinforced,  subjects  develop  stereotyped 
sequences  that  belong  to  that  subclass.  Moreover,  Schwartz  has 
noted  that  after  a  pretraining,  subjects  have  difficulties  to  abstract  the 
functioning  rule  (all  combinations  of  4  pushes  on  each 
response-button  are  correct)  and  that  they  express  themselves  in 
terms  of  light  displacements  (road  to  follow).  Boulanger  (1983), 
using  a  4  X  4  matrix,  has  also  observed  an  increase  of  sequence 
stereotypy  when  each  correct  sequence  is  reinforced.  Pretrained 
subjects  who  are  presented  with  a  "light-off  matrix,  are  only 
temporarily  disturb^  and  they  rapidly  adopt  a  dominant  sequence. 
In  this  situation,  subjects  tend  to  use  mental  representations 
reproducing  the  "ways"  followed  by  the  visual  cues  when  they  were 
available. 

These  data  suggest  that,  for  human  subjects  as  for  animals, 
reinforcement  seems  to  generate  stereotyped,  functional  behavioral 
units.  However,  data  from  other  studies  show  that  reinforcement 
does  not  inevitably  produce  stereotypy.  For  instance,  when  naive 
subjects  are  instructed  to  discover  the  rule  that  determines  whether 
their  sequences  will  be  reinforced,  they  do  not  develop  stereotyped 
sequences,  despite  the  fact  that  they  are  reinforced  for  each  correct 
sequence  (Schwartz,  1982c). 

For  Wong  and  Peacock  (1986),  the  development  of  stereotypy 
can  be  attributed  to  the  differential  reinforcement  of  efficiency.  Their 
experiments  vrith  human  adults  support  this  hypothesis.  They  have 
shown  that  the  response  sequences  become  more  stereotyped  when 
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subjects  have  to  produce  a  high  physical  effon  (for  one  group,  the 
response-buttons  arc  located  close  together,  in  the  other  group,  they 
arc  more  spaced  -  high  effort  condition  -);  when  they  arc  rewarded 
with  money  for  each  correct  sequence;  when  a  sequence  must  be 
completed  within  a  short  time-limit  to  be  reinforced  (high  temporal 
constraint);  or  when  they  are  required  to  perform  a  concurrent  mental 
task.  To  use  a  video  display  instead  of  a  light  bulbs  matrix,  increases 
the  subjects'  motivation,  arouses  exploratory  behaviors  and  reduces 
stereotypy. 

Contrary  to  Schwartz,  Wong  and  Peacock  have  observed  that  the 
stereotypy  does  not  interfere  with  abstracting  the  mlc  :  their  subjects 
are  able  to  verbalize  the  necessary  condition  for  reinforcement 
regardless  of  their  level  of  stereotypy  during  training.  When 
stereotyped  subjects  are  asked  why  they  did  not  use  several 
sequences,  they  often  declare  that  they  did  not  want  to  risk  losing  a 
reinforcement  (point  or  money).  The  authors  have  concluded  that, 
for  human  subjects,  stereotypy  is  not  the  inevitable  result  of 
reinforcement  and  that  differentia  reinforcement  of  efficiency  seems 
to  play  an  important  role  in  the  functional  development  of  stereotypy 
(subjects  adopt  behavior  that  enable  them  to  obtain  a  maximum  of 
reinforcement  with  a  minimum  of  risks  and  efforts). 

2.2.2. 1.2.  Operant  variability 

Studies  reviewed  in  the  preceding  section  show  that  response 
variability  changes  as  a  function  of  various  factors  characterizing  the 
task  performed.  It  can  then  be  asked,  and  this  is  an  important  step 
further,  whether  behavioral  variability  itself  is  amenable  to  control  by 
its  consequences,  as  any  other  dimensions  of  behavior  -  such  as  the 
force,  the  duration,  the  location,  etc  of  a  response  -  ,  or,  in  other 
words,  whether  selection  by  reinforcement  can  operate  on  variability 
itself. 

2  2.2.1.2.1.  Simple  operant  responses 

The  few  studies  in  which  conditioning  the  variability  of  simple 
responses  has  been  attempted  have  been  carried  out  on  animal 
subjects. 

Schoenfeld,  Harris  and  Farmer  (1966)  were  the  firsts  to  have 
explicitly  conditioned  behavioral  variations.  They  reinforced  the 
lever  pressing-  responses  of  rats  only  if  the  inter-responses  intervals 
belonged  to  a  class  which  differed  from  that  of  the  immediately 
preceding  inter-responses  interval.  For  instance,  if  a  lever  press 
concluded  one  inter-response  interval  of  5  sec,  it  was  reinforced  if 
the  preceding  inter-response  interval  had  been  longer  or  shorter  by  at 
least  1  sec  -  if  1  sec  was  the  class  resolution  in  recording 
inter-responses  intervals.  Blough  (1966)  also  succeeded  in 
increasing  the  variability  of  the  inter-responsts  intervals  in  pigeons. 
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Bryant  and  Church  (1974)  have  conditioned  rats  to  r--Jomly 
press  on  two  levers,  and  Pryor,  Haag  and  CReili}  have,  in 

an  already  mentioned  study,  succeeded  in  training  sea  purpoises  to 
produce  motor  behaviors  that  were  novel  for  the  species  (variability 
of  the  response  topography). 

Though  there  are  only  very  few  of  them,  .'»iudies  show  that 
behavioral  variability  can  indeed  be  controllal  by  its  consequences. 

2. 2. 2. 1.2. 2.  Complex  responses 

-  Animal  studies : 

Schwartz  (1980,  1982a)  -  with  the  Visual  Matrix  task  (5x5 
matrix)  -  has  submitted  pigeons  to  a  peculiar  experimental  conition, 
in  which  reward  was  obtained  for  a  correct  sequence  of  responses  if 
it  differed  from  the  just  previous  one.  The  pigeons  -  naive  or 
pre-trained  -  developped  a  sequence  which  became  dominant,  in  spite 
of  this  variability  contingency  and  in  spite  of  the  very  small  number 
of  reinforcements  that  ibey  obtained  Ubout  40  %  of  the  available 
reinforcements). 

Page  and  Neuringer  (1985),  in  a  critical  analysis  of  Schwartz's 
results,  made  the  hypothesis  that  the  constraints  upon  the  response, 
as  defined  by  Schwartz  (4  pecks  on  each  key),  could  account  for  his 
failure  to  condition  variability.  These  authors  have  removed  both  this 
constraint  and  the  matrix  of  light  cues,  and  they  have  trained  pigeons 
to  emit  sequences  of  8  responses  on  the  2  keys.  In  this  situation,  the 
pigeons  obtained  more  that  70  %  of  the  available  reinforcements, 
even  if  they  were  to  produce  sequences  different  from  the  50 
previous  ones. 

By  controlling  for  the  intermittence  of  reinforcement  effect, 
using  a  Yoked  Control  Design  (reinforcements  are  delivered 
accoTxiing  to  the  same  temporal  pattern  as  in  the  previous  session,  but 
they  are  no  more  contingent  upon  the  sequences  variability).  Page 
and  Neuringer  have  shown  that  the  observed  variability  is  not  a 
spontaneous  variability  modulated  by  the  intermittence  of  the 
reinforcement,  but  that  it  is  really  a  function  fo  the  peculiar 
contingencies  that  made  reinforcement  contingent  upon  response 
variability. 

While  sequences  of  responses  emitted  by  Schwartz’s  pigeons 
appeared  to  be,  functionally,  integrated  and  indivisible  units.  Page 
and  Neuringer's  pigeons  distributed  their  responses  almost 
randomly.  TTie  differences  observed,  in  this  respect,  between  the 
two  experiments,  could  be  accounted  for  almost  completely  by 
analysing  the  behavior  during  the  training-sessions  preceding 
exposure  to  the  variability  contingencies.  During  these  sessions,  the 
pigeons  in  Schwartz's  experiment  had  to  produce  4  pecks  on  each 
key,  but  with  no  requirement  for  variability.  On  the  contrary,  the 
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pigeons  of  Page  and  Neuringer  were  directly  placed  in  a  situation 
where  any  sequence  of  responses  was  reinforced  if  it  differed  from 
the  previous  ones. 

With  an  adequate  pretraining,  Boulanger  (1986)  has  succeeded 
in  conditioning  pigeons  to  vary  their  sequences  of  responses,  in  a 
situation  similar  to  the  one  used  by  Schwartz  (4x4  matrix).  During 
the  pretraining,  he  had  established  a  responses  repertoire 
characterized  by  different  "minimal"  units  that  could  then  be 
combined  to  solve  the  task  in  various  ways. 

-  Human  studies ; 

Replicating  on  humans  his  pigeon  experiments,  Schwartz 
(1982c)  has  attempted  to  condition  the  variability  of  sequences  of 
responses  (5x5  matrix),  by  reinforcing  the  sequences  that  differ 
from  the  2  previous  ones.  Unlike  pigeons,  human  adults  can  master 
this  reinforcement  contingency,  but  they  develop  higher-order 
behavioral  units  that  contain  just  enough  variability,  from 
trial-to-trial,  to  guarantee  reinforcement :  they  use  a  set  of  stereotyped 
sequences,  which  appear  in  a  regular  order. 

When  these  pretrained  subjects  were  placed  in  a  situation 
requiring  greater  variability  (all  sequences  must  be  different  from 
each  other  in  a  session  of  50  trials),  the  higher-order  units  broke 
down  and  subjects  adopted  a  more  variable  behavior,  though  not 
enough  to  produce  an  optimal  performance.  On  the  contrary,  when 
naive  subjects  were  placed  in  the  latter  situation  (maximal  variability), 
they  had  no  difficulty  in  developing  strategies  leading  to  a  nearly 
perfect  performance. 

These  results  have  led  Schwartz  to  conlude  that :  "...  although 
contingent  reinforcement  may  not  inevitably  produce  stereotypy,  a 
history  of  reinforcement  seems  to  interfere  with  the  development  of  a 
general  strategy  necessary  for  success  with  a  complex  task". 
(Schwartz,  1982c,  p.41).  The  "pretrained  or  preexpos^"  subjects 
would  diffei  from  naive  ones  in  their  approaching  the  task  less 
actively  (the  higher-order  units  previously  created  were  sufficiently 
Simple  to  be  accurately  produced  without  nwnitoring)  and  it  could  be 
that  this  "passivity"  interfered  with  their  performance. 

However,  other  data  obtained  in  similar  experiments  do  not 
support  these  conclusions.  Wong  and  Peacock  (1986)  have 
submitted  pretrained  subjects  to  the  condition  of  maximal  variability 
(all  the  sequences  must  be  different  in  a  session  of  50  trials).  Their 
subjects  were  able  to  abandon  their  dominant  sequence  and  to 
successfully  perform  the  task  as  fast  as  naive  subjects  did.  By 
controlling  the  level  of  stereotypy  reached  by  the  subjects  during  the 
pretraining  sessions  (for  ont  ^'oup,  they  have  increased  the  level  of 
stereotypy,  by  introducing  task  char'-cteristics  that  demand 
efficiency),  Wong  and  Peacock  have  shown  that  the  subjects' 


adaptation  to  the  variability  contingency  is  independent  of  their  initial 
level  of  stereotypy. 

These  results  have  led  the  authors  to  modify  -  at  least  for  human 
adults  •  the  conclusion  of  Schwartz  concerning  the  negative  effect  of 
the  history  of  reinforcement :  "These  findings  suggest  that  behavioral 
units  may  not  be  rigid  structures  that  are  emitted  in  an  automatic  and 
invariant  manner  regardless  of  changes  in  reinforcement  contingency. 

In  other  words,  stereotypy  does  not  become  counterproductive  when 
the  contingency  is  changed"  (Wong  and  Peacock,  1986,  p.l57). 

2 . 2 . 2 . 2 .  Selecting  the  main  experimental  procedure  :  the  "MATRIX"  or  Visual  Maze. 

The  essential  aims  of  the  experiments  was  to  explore  how 
individuals  solve  problems  in  situations  in  which  several  solutions 
are  possible,  how  they  modify  their  solution  when  the  situation  is 
changing  and  whether  they  can  be  trained  to  produce  various 
solutions.  The  procedure  selected  was  to  provide  a  measure  of 
behavioral  variability.  A  modified  version  of  the  Visual  Matrix  task 
was  used.  It  has  been  borrowed  from  the  procedure  originally 
designed  by  Vogel  and  Annau  (1973)  in  their  study  on  animal 
subjects.  In  order  to  motivate  the  subjects  and  to  maintain  their 
anention  long  enough,  the  initial  material  has  been  changed  to  an 
animated  cartoon  style  presentation  on  video  screen  to  present  the 
task  like  a  play.  This  modification  was  necessary  in  order  to  obtain 
satisfactoty  data  both  qualitatively  and  quantitatively.  This  procedure 
could  legitimately  be  called  a  Visual  Maze  as  well.  It  presented  the 
desirable  properties  just  mentioned. 

In  addition,  it  had  the  following  advantages : 

-  It  can  be  used  with  subjects  of  different  ages  without 
modification.  Therefore,  all  the  subjects  were  faced  with  a  strictly 
identical  problem.  Differences  eventually  observed  between  subjects 
could  not  be  due  to  the  presentation  or  to  the  content  of  the  task. 

-  It  is  a  non-verbal  task  ;  biases  tied  to  the  subjects’  verbal 
capacities  can  be  avoided  as  well  as  biases  involved  in  the  analysis  of 
verbal  data.  It  can  be  used  with  animal,  allowing  for  cross-species 
comparisons,  and  inq  iiry  into  the  specificities  of  human  behavior  in 
such  situations. 

-  It  allowed  analysis  of  the  evolution  of  subjects'  behaviors  when 
they  adapted  to  modifications  of  situations,  providing  a  dynamical 
approach  (as  opposed  to  traditional  tasks  used  in  problem-solving 
test). 

-  Finally,  all  the  steps  of  the  experimental  procedure  and  data 
recording  can  be  implemented  on  microcomputer,  providing  on-line 
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control  of  the  experiment  and  refined  statistical  treatment  of  data. 


In  brief,  the  selected  task  seemed  an  appropriate  one  to  analyse 
the  evolution  of  problem-solving  behaviors  as  a  function  of 
modifications  of  the  situation  with  the  garantee  of  a  high 
methodological  rigour  and  of  efficient  data  colllecting  and  treatment 

2.3.  THE  DEVELOPMENTAL  APPROACH 

2.3.1.  THEORETICAL  BACKGROUND 

Examining  all  the  studies  on  behavioral  variability  using  operant 
behavior  procedures,  one  is  struck  by  the  lack  of  works  adopting 
developmental  perspective.  There  are  none  among  animal  studies. 
With  human  subjects,  there  are  only  two  unpublished  studies  by 
Boulanger  (1983)  and  by  El  Ahmadi  (1982).  They  have  shown  that 
behavioral  variability  increases  as  a  ftinction  of  age  (however,  only  2 
age  groups  were  taken  into  account  and  these  stutSes  cannot  really  be 
consider^  as  truly  developmental). 

We  contend  that  the  developmental  analysis  is  not  only  of  interest 
for  those  who  study  growing  orgaiusms  for  themselves,  but  that  it  is 
a  means  to  understand  adults’  behavior.  The  developmental 
approach  is  assumed  to  be  helpful  in  identifying  more  accurately 
crucial  variables  at  work  in  behavioral  variability  and  in  accounting 
for  the  strategies  that  are  used  by  adults  when  confronted  with 
multiple-solutions  problems.  It  should  provide  us  with  informations 
about  the  relations  between  behavioral  variability,  performance  in 
problem-solving  and  the  possibility  to  increase  behavioral  variability 
on  one  hand,  and  about  the  characteristics  of  the  environment  which 
arc  taken  into  account  by  subjects  when  solving  problems  on  the 
other. 

The  developmental  approach  is  also  important  in  clarifying  an 
issue  that  is  still  a  matter  of  debate  :  are  children  bom  with  natural 
flexibility  and  creativity?  Is  their  potential  of  creativity  exposed  to 
counter-influences  from  education,  that  will  inevitably  restrict  it,  or  is 
behavioral  variability  a  consequence  of  environmental  influences,  and 
can  it  be  taught  ? 

It  is  relevant,  at  this  point,  to  briefly  present  Piaget's  cognitive 
developmental  theory,  not  only  to  show  the  usefulness  of 
developmental  analysis  in  understanding  adults'  intellectual 
functionning,  but  also  because  this  theory  has  been  at  the  basis  of  the 
choice  of  age-groups  considered  in  the  first  experiment.  Moreover, 
some  of  the  tasks  selected  for  comparison  with  performances  and 
behavioral  variability  in  problem-solving  arc  borrowed  or  derived 
from  Piaget's  experimental  procedures. 
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In  Piaget's  conception  of  intelligence,  human  cognitive  functions 
are  viewed  as  an  active  ontogenetic  construction  by  the  child 
interacting  with  his  environment.  Basic  to  such  a  constructivist 
conception  is  the  notion  that  intellectual  develc^ment  necessarily  pass 
through  an  ordered  sequence  of  stages,  up  to  the  mastering  of  adult 
logic^  thinJdng  :  the  most  abstract  forms  of  logical  thinking  derive 
from  overt  action  observed  in  its  simplest  form  in  infancy  at  the 
sensory  motor  stage,  through  the  interiorisation  and  coordination  af 
action  at  the  concrete  operation  stage. 

Two  fundamental  mechanisms  are  implied  in  cognitive 
development ;  Assimilation  and  Accommodation. 

-  Assimilation  is  the  integration  of  external  element  into  evolving 
or  completed  so-called  schemes  of  action  (a  scheme,  broadly  defined, 
corresponds  to  a  class  of  behaviors).  No  behavior  constitutes  an 
absolute  beginning.  It  is  always  grafted  on  previous  schemes  and 
therefore  amounts  to  assimilating  new  elements  to  already 
constructed  structures,  innate  or  previously  acquired  (for  example, 
the  sucking  reflex  is  applied  to  a  large  number  of  objects,  obviously 
as  a  means  for  collecting  information).  However,  if  assimilation 
alone  were  involved  in  development,  there  would  be  no  variations  in 
a  child’s  psychological  structures.  He  would  not  acquire  any  new 
content  and  would  not  develop  further.  Assimilation  is  therefore 
never  present  without  its  counterpan :  accommodation 

-  Accommodation  is  the  process  by  which  assimilatory  schemes 
are  in  turn  modified  by  the  elements  they  assimilate  (using  again  the 
simple  example  of  sucking  behavior,  the  child  adjusts  his  sucking 
behavior  to  adapt  to  the  characteristics  of  new  objects).  Hence, 
cognitive  adaptation  and  development  result  from  an  equilibrium 
between  assimilation  and  accommodation. 

Three  main  periods  of  development  can  be  distinguished.  They 
appear  in  a  fixed  sequence  because  each  of  them  is  a  necessary 
condition  for  the  next  one  to  proceed. 

-  The  sensorimotor  period  lasts  until  approximately  1  1/2  or  2 
years  of  age.  During  this  period,  the  child  elaborates  schemes  of 
actions,  that  is  to  say,  organizations  of  actions  which  can  be 
generalized  from  one  situation  to  another. 

-  The  period  of  representative  intelligence  leads  to  concrete 
operations.  Before  about  7  or  8  years,  children  grasp  various 
characteristics  of  a  situation  (or  of  a  material)  but  they  cannot 
integrate  them  into  a  system.  They  cannot  anticipate  the  results  of 
their  actions,  they  base  their  judgements  or  behaviors  on  the 
immediately  perceived  characteristics  of  the  situation,  and  they  fail  to 
take  into  account  the  relations  existing  between  all  the  elements  of  a 
situation.  As  an  example,  if  instructed  to  put  some  order  in  a  set  of 
objects  differing  in  various  dimensions,  such  as  size,  color,  shape, 


type  of  material,  etc  (classification  task),  subjects  at  that  stage  will 
use  partial  criteria  or  use  only  the  most  s^ent  properties,  such  as  size 
and  color,  and  will  reveal  unable  to  switch  to  other  criteria.  Or,  in 
the  well-known  "conservation  task",  pouring  a  liquid  from  one 
container  to  another  -  say,  narrower  and  fiigher  tfian  the  first  one  -  the 
child  will  conclude  that  Ae  quantity  has  changed  because  the  level  is 
higher,  being  unable  to  coordinate  the  two  dimensions  and  see  that 
they  compensate  for  one  another. 

At  about  7  or  8  years,  (operative  stage),  the  reactions  are  very 
different.  At  this  stage,  children  take  into  account  one  aspect  after 
another,  manipulate,  transform  and  coordonate  the  relations  into  a 
system.  The  child's  thought  becomes  *eversible,  that  is  to  say  that 
he  can  conceive  of  undoing  what  he  is  doing  and  vice  versa.  He  is 
able  to  anticipate  the  results  of  his  actions  and  behave  according  to 
pre-establish^  plans.  In  classifications,  for  example,  he/she  is  able 
to  keep  in  mind  the  initial  arrangement  and  the  successive 
transformations  carried  out  on  the  material;  all  actions  can  be  logically 
cancelled.  "Mobility  of  thought"  is  one  main  characteristic  of 
accessing  to  the  operative  stage.  This  "mobility"  or  "intellectual 
flexibility"  is  at  work  in  all  classical  tasks  explored  by  Piaget,  i.e.  in 
conservation,  seriation  and  classification.  Classification  is 
undoubtedly  where  it  appears  most  clearly  in  observable  behaviors. 
As  already  mentioned,  in  a  classification  task,  the  subject  is  asked  to 
organize  a  set  of  elements  (objects  displayed  before  him/her)  in  any 
way  he/she  wishes  to  do.  After  his/her  first  arrangment,  he/she  is 
asked  to  carry  out  another  classification  and  so  on.  Inhelder  and 
Piaget  (1967)  have  named  the  process  at  work  in  this  type  of 
behavior :  retroactive  mobility. 

This  period  extends,  crudely  defined,  to  the  age  of  1 1 .  It  can  be 
summarized  by  saying  that  the  child  masters  all  main  logical 
operations  but  that  his  reasoning  still  needs  the  support  of  concrete 
situations. 

-  After  this  period,  logic  is  applied  not  only  to  relations  in 
concrete  situations  but  also  to  relations  between  propositions  at  a 
purely  symbolic  level.  It  is  the  formal  operative  stage  that  will  be 
typici  of  adult  intelligence. 

According  to  Piaget,  four  factors  explain  cognitive  development ; 

1.  Maturation  ;  the  effect  of  which  consist  essentially  in  opening 
new  possibilities  for  development.  For  example,  the  progressive 
coordination  between  vision  and  prehension  is  possible  only  when 
the  neural  substrate  has  adequately  developed. 

2.  The  experience  acquired  through  active  contact  with  the 
environment :  By  interacting  with  their  environment,  children  acquire 
knowledges  relative  to  particularities  and  properties  of  the  physical 
and  social  environment,  and  knowledges  relative  to  consequences  of 
their  own  activities  on  the  environment. 


3.  The  influence  of  the  social  environment  (language,  educational 
background  given  by  family  or  school). 

While  these  factors  can  accelerate  or  delay  cognitive  develc^ment, 
they  are  not  sufficient  to  explain  the  sequential  order  of  development 
Both  social  influences  and  physical  experience  can  have  effect  on 
subject's  development  only  if  he/she  is  capable  of  assimilating  them, 
which  means  that  cognitive  structtires  and  processes  have  reached  an 
adequate  level.  What  is  taught,  for  example,  is  effectively 
assimilated  only  when  it  gives  rise  to  an  active  reconstruction  by  the 
child  (cf  the  mechanisms  of  assimilation  -accommodation  presented 
above). 

4.  The  constructive  aspect  of  development  is  explained,  after 
Piaget,  by  appealing  to  a  fourth  factor :  equilibration. 

Equilibration  can  be  defined  as  a  self-regulating  process  involving 
a  set  of  active  reactions  of  the  subject  to  external  disturbances, 
inducing  disequilibradon. 

Especially  relevant  to  our  concern  is  the  view  of  Piaget  as  to  the 
role  of  variations.  These  are  closely  related  to  his  notion  of 
equilibration,  because  subjects  modify  their  behaviors  or  their 
cognitive  structures  as  a  function  of  disturbances  in  environment,  in 
order  to  reach  a  new  level  of  equilibrium.  However,  what  has  to  be 
explained  is  why  the  subject,  at  a  certain  level  of  development, 
"feels"  the  contradiction  between  the  structure  characterizing  his/her 
behavior  and  the  characteristics  of  the  environment,  and  why  he/she 
engages  in  readjustments.  What  is  needed  here  is  some  son  of 
behavioral  variability,  paving  the  way  for  innovations,  new 
strategies,  new  coordinations. 

Taking  into  account  the  cognitive  development  as  described  by 
Piaget,  subjects  of  our  first  experiment  were  selected  into  for 
different  age  groups.  Normally,  the  subjects  belonging  to  each  of 
these  age  groups,  should  be  characterized  by  a  certain  level  of 
cognitive  development.  Subjects  5-6  years  old  are  presumably  at  the 
pre -operative  stage,  subjects  9-10  years  old  at  the  concrete  operative 
stage,  and  subjects  14-15  years  old  and  adults  at  the  formal  operative 
stage. 

2.3.2.  SELECTING  TASKS  ON  "MOBILITY  OF  THOUGHT” 

In  research  concerning  the  evolution  of  problem-solving 
behaviors  as  a  function  of  age,  useful  guidelines  are  offered  by  the 
cognitive  developmental  levels  as  defined  in  Piaget’s  theory.  In 
previous  research  carried  out  in  our  laboratory,  Piagetian  concepts 
have  been  used  for  the  analysis  of  behavioral  flexibility  (Botson  and 
Deliige,  1976;  Delicgc,  Botson  and  Vanhulst,  1984).  These 
cxj)eriments,  which  cannot  be  described  in  details  here  because 
available  space  does  not  permit,  led  to  the  conclusion  that  the 
difficulties  encountered  by  children  in  the  resolution  of  concrete 
problems  involving  creative  solution  were  mainly  tied  to  their 
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"difficulties  to  change",  i.e.  to  leave  behind  an  already  tried  solution 
and  explore  another  one.  For  example,  children  had  difficulties  to 
employ  usual  objects  in  an  unusual  way  (e.g.  to  use  a  box  full  of 
spaghetti  to  represent  the  main  part  of  a  locomotive),  or  to  pull  apart 
and  recombine  objects  or  pieces  of  objects  (e.g.  to  dismantle  a  toy 
plastic  kettle  and  use  the  yellow  part  of  it  to  complete  the  hean  of  a 
flower).  As  a  step  toward  systematic  training  of  flexibility,  the 
authors  have  explored  the  spontaneous  tendency  to  change  -  or  the 
aptitude  to  switch  from  one  behavior  to  another  when  confronted  to  a 
standard  situation  -  as  a  function  of  age.  Appropriate  training  can 
only  be  based  on  knowledge  of  developmental  stages,  if  there  are 
any. 

As  already  mentioned  in  section  2.2.1.,  two  types  of  change  were 
considered.  One  of  them  involved  a  practical  manipulation  - 
"handling"  change  -,  the  other  a  "cognitive"  change. 

In  the  "handling"  change  tasks,  subjects  (from  4  y.o.  to  12  y.o.) 
had  to  change  the  orientation  of  similar  blocks  in  order  to  embed 
them  in  holes  of  different  shapes. 

The  "cognitive"  change  tasks  (or  "intellectual  flexibility")  were 
borrowed  or  derived  from  Piaget’s  procedures  in  his  studies  on 
"mobility  of  thought"  (see  section  2.3.1.).  Directly  borrowed  were 
the  spontaneous  classification  test  and  the  successive  dichotomies 
test  An  especially  designed  situation,  the  "serial  classification  task", 
was  added,  that  combines  classification  and  seriation  operations.  In 
this  situation,  the  subject  is  presented  with  an  array  of  objects, 
varying  along  several  dimensions,  but  ordered  in  space  in  such  a  way 
that  at  any  point,  the  series  can  be  dichotomically  cut,  with  the 
objects  on  one  side  sharing  a  common  property,  but  lacking  an 
additional  property  shared  by  the  objects  on  the  other  side.  The 
subject's  task  is  to  complete  several  series  by  inserting  at  a  given 
point  an  appropriate  object,  selected  out  of  a  multiple  choice  display. 
Two  situations  are  possible  :  one  where  the  perceptual  impression  fits 
to  the  logic  of  the  system  (perceptual  serial  classifications)  and  one 
where  the  perceptu^  impression  does  not  fit  or  even  conflicts  with 
the  reasoning  (non-perceptual  serial  classifications). 

One  advantage  of  this  procedure  is  that  there  is  only  one  solution 
to  each  scries. 

While  Inhelder  and  Piaget  considered  that  the  9  y.o.  children  are 
able  to  anticipate  ail  the  possible  criteria  of  classification  and  to 
behave  in  a  systematic  and  exhaustive  way  as  a  function  of  a 
pre-established  plan,  Botson  and  Deliige's  observations  showed  that 
this  age  was  not  a  turning  point  between  the  stage  of  "trials  and 
errors"  processes  and  the  stage  of  complete  mobility.  Older  subjects, 
adolescents  and  even  adults  failed  when  they  were  confronted  with  a 
material  including  more  than  3  or  4  criteria  of  classification,  or  with  a 
material  in  which  the  logical  organization  conflicted  with  the 
perceptual  characteristics  (non-perceptual  serial  classifications).  The 
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mobility  seemed  to  be  hindered  by  perceptual  fixations,  at  all  stages 
of  intellectual  development 

Comparing  the  evolution  of  the  "handling  flexibility"  with  that  of 
"cognitive  flexibility",  the  authors  concluded  that  the  two  types  of 
flexibility  evolve  in  parallel.  In  both  cases,  it  was  the  most 
perceptually  salient  characteristics  that  misled  the  subjects,  preventing 
them  to  take  the  useful  characteristics  into  account.  Thus,  difficulties 
in  "decentration",  i.e.  in  switching  to  another  look  at  this  problem, 
seemed  to  be  the  source  of  errors  in  both  types  of  tasks. 

A  qualitative  analysis  of  the  results  of  previous  researches  on 
behavioral  variability  carried  out  in  our  laboratory  (El  Ahmadi,  1982; 
Boulanger,  1983)  also  suggested  that  performance  and  variability  in 
the  Visual  Matrix  task  were  a  function  of  the  subjects'  cognitive 
developmental  level  and  of  the  degree  of  "abstracmess"  in  their 
approach  to  the  task. 

These  studies  suggested  that  it  could  be  of  interest  to  assess  the 
subjects'  cognitive  capacities  (particularly,  the  "noobility  of  thought") 
and  to  relate  them  vrith  the  subjects'  performance  and  variability  in 
the  Visual  Matrix  task. 


The  choice  of  specific  "cognitive"  tasks  was  determined  by  the 
age  of  subjects,  by  the  possibility  to  use  at  least  one  common  task  for 
two  successive  age  groups  and  to  adopt  a  standardized  procedure. 
Tasks  involving  concrete  manipulation  were  prefered  to  tasks 
involving  verbal  behavior. 

-  The  seriation,  the  spontaneous  classification  and  the  inclusion 
quantification  usks  permitted  to  evaluate  the  cognitive  stage  (in  the 
Ragetian  nomenclature)  of  the  5-6  y.o.  and  of  the  9-10  y.o.  The 
successive  modifications  of  classifications  and  of  dichotomies 
allowed  to  assess  their  mobility  of  thought.  The  difficulty  of  the 
tasks  was  adapted  to  subjects'  age  (simple  or  multiplicative  seriation; 
level  I  or  level  II  classification). 

-  The  serial  classitication  task  in  the  simple  version  (involving 
only  perceptually  consistent  items)  was  used  with  the  5-6  y.o.  and 
with  9-10  y.o.  The  version  with  perceptually  non  consistent  items 
was  used  for  the  14-15  y.o.  and  the  adults.  The  serial  classifications 
allowed  to  complete  the  informations  obtained  with  the  Piagetian 
classification  tasks  (for  Nursery,  Elementary  and  Secondary  School 
Students)  and  to  assess  the  "mobility  of  thought"  of  adults. 

-  The  permutation  task  (Piagetian  task  of  the  formal  logic  stage) 
was  proposed  to  adolescents  and  adults.  It  aimed  at  assessing  the 
capacities  for  abstracting  and  generalizing  rules  and  to  resort  to  a 
systematic  procedure  in  the  search  of  all  possible  permutations. 
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2.4. 


SOCIO  CULTURAL  FACTORS 


Educational,  professional  and  socio-cultural  factors  are  of  such  a 
general  and  persistent  presence  in  people  life  that  they  can  be 
expected  to  produce  deeply  rooted  attitudes  in  individuals. 

There  are,  to  our  knowledge,  no  studies  bearing  directly  on  the 
relations  between  the  subjects'  socio-economical  origin,  their  level  or 
their  type  of  educational  background,  their  professional  activity,  on 
one  hand,  and  some  measure  of  their  behavioral  variability,  on  the 
other  hand.  However,  these  variables  have  been  shown  to  be 
relevant  in  some  studies  of  cognitive  functioning. 

So,  Lautrey  (1976, 1980)  has  shown  that  life  conditions  linked  to 
the  parents'  socio-economic  level,  determine  in  part  their  educational 
practices,  which  in  turn  influence  their  children'  intellectual 
development.  He  has  observed  functional  aspects  of  the  subjects' 
cognitive  activity,  namely  the  way  they  switch  from  a  "schema"  to 
another  one  when  confronted  to  the  constraints  of  reality,  or,  put  in 
other  words,  how  a  child  reacts  to  a  disturbing  fact,  and  eventually 
reorganizes  his/her  behavior  in  order  to  adjust  to  it  and  integrate  it. 
Lautrey  has  defined  3  types  of  family  educational  practices,  which 
are  characterized  by  their  degrees  of  stability  and  of  disturbance.  A 
child  may  live  in  any  one  of  these  environments  : 

-  random  :  characterized  by  the  absence  of  rules 

-  rigid  :  rules  are  applied  whatever  the  circumstances 

-  flexible  :  the  application  of  rules  is  modulated  by  the 

circumstances 

The  author  has  noticed  that  children  coming  from  a  flexible  type 
environment  show  higher  readiness  to  reorganize  their  behavior  in 
order  to  integrate  disturbing  fact.  This  can  be  explained  by  the  fact 
that  these  children  are  faced  with  disturbing  events  more  frequently 
that  children  coming  from  a  rigid  environment,  and  that  hey  have 
more  occasions  to  improve  their  anticipations  by  taking  these 
disturbing  events  into  account,  than  children  coming  from  a  random 
environment. 

This  attitude  towards  events  hindering  assimilation  seems  to  be  a 
rather  general  characteristic  of  personality. 

The  author  has  also  observed  that  the  flexible  environment  is 
more  often  adopted  by  parents  of  the  highest  socio-cultural  level, 
while  the  rigid  educational  environment  is  more  frequently  linked 
with  lowest  socio-cultural  level.  A  previous  research  by  Busse 
(1969)  had  already  shown  that  the  flexibility  of  thought  is  linked  to 
the  family  educational  practices  and  that  a  middle  level  of  parental 
control  seems  to  be  the  most  favourable  to  the  development  of 
flexibility. 
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Other  works  suggest  that  some  aspects  at  least  of  the  cognitive 
functioning  could  be  influenced  by  spwific  training  but  are  linked  to 
the  level  and  to  the  type  of  educational  background. 

Bodson  and  Deliege  (1976)  have  shown  that  the  successive  steps 
leading  to  the  highest  levels  of  mobility  of  thought  (in  the  piagetian 
terminology)  correlate,  after  elementary  school,  with  the  superior 
level  of  the  secondary  studies  and  with  the  specialized  university 
studies  (especially,  mathematical  studies).  Moreover,  subjects  who 
have  followed  a  training  for  manual  workers,  have  a  mobility  of 
thought  lower  than  subjects  who  have  followed  secondary  studies  of 
general  type,  and  University  students  who  are  in  a  literary  section 
have  an  intellectual  mobility,  at  least  as  assessed  by  this  ty^  of  test, 
lower  than  University  students  in  mathematics. 

Even  if  it  can  be  assumed  that  the  choice  of  a  given  school 
curriculum  is  partly  determined  by  an  individual's  aptitudes  and 
tastes,  it  seems  that,  in  turn,  this  sort  of  training  to  which  he  is  or  has 
been  exposed  during  school  education  is  an  important  factor  in 
shaping  further  these  aptitudes,  as  exhibited  in  problem-solving, 
especially  those  requiring  flexible  approaches. 

The  studies  mentioned  above  have  incited  us  to  include  these 
factors  in  the  study  of  variability.  One  could  indeed  suspect  that  the 
educational  background  is  important  in  favouring  or  restricting 
variability.  This  is  a  very  practical  issue  since  there  is  now  a 
widespread  concern  for  more  "flexibility",  "creativity"  and  the  like  in 
all  aspects  of  social  and  professional  life.  Therefore,  in  the  second 
pan  of  our  study,  variability  and  performances  observed  in 
problem-solving  have  been  analysed  as  a  function  of  the  level  and 
type  of  educational  background  of  subjects.  Adolescents  and  mainly 
iiults  of  18-27  years  old  (militiamen)  were  taken  into  account 

2.5.  COGNITIVE  STYLES  AND  VARIABILITY 

The  concept  of  "cognitive  style"  relates  to  the  typical  way  that  an 
individual  interprets  reality  and  derives  meaning  from  his/her 
experience.  This  definition  is  in  terms  of  processes  rather  than 
structure  or  traits  and  it  concerns  perceptual,  intellectual  and  social 
activities.  It  allows  to  characterize  the  mode  of  approach  that  a 
subject  uses  in  a  variety  of  situations. 

2.5.1.  THE  "FIELD  DEPENDENCE  /  INDEPENDENCE  ”  CXXjNmVE  STYLE 

Many  cognitive  style  models  have  been  developped.  One  of  the 
best  known  is  the  field  dependence  /  independence  elaborated  by 
Witkin  (  1977).  It  refers  to  the  two  extreme  poles  of  a  continuum, 
rather  than  to  a  typology. 

Field  -  independent  people"  ...  can  apprehend  items  as  discrete 
from  their  backgrounds  when  the  field  is  organized  and  can  impose 
structure  on  a  field  when  the  field  has  little  inherent  strucnire  ..." 


/ 

/ 


71 


Field  -  dependent  people  have  greater  difficulties  to  solve 
problems  which  require  "...  taking  an  element  critical  for  solution  out 
of  the  context  in  which  it  is  presented  and  restructuring  the  problem 
material  so  that  the  element  is  now  used  in  a  different  context." 
(Witkin  and  Goodenough,  1981). 

Several  authors  have  studied  the  relations  between  the  subjects' 
cognitive  style  (field-dependence  /  field-independence)  and  their 
developmental  level,  as  assessed  in  Piagetian  situations.  Positive 
relations  have  been  found  between  the  field-independence  and  the 
performances  in  conservation  tasks  (Fleck,  1972;  Dolecki,  1967; 
Finley,  Sola  and  Cowan,  1977;  Pascual-Leone,  1966,  1969; 
Nodelman,  1965;  Huteau  and  Rajchenbach,  1978;  cited  by  Huteau, 
1980)  and  in  tasks  relative  to  the  space  representation  (La  Crosse, 
1966;  Pascual-Leone,  1969;  Satterly,  1976;  cited  by  Huteau,  1980). 
However,  no  significant  relation  has  been  found  between  the 
subjects'  cognitive  style  and  the  performances  in  multiplicative 
classification  tasks  and  in  class  inclusion  tasks  (Pascual-Leone, 
1969;  Grippin,  Ohnmacht  and  Clarck,  1973;  Finley  et  al.,  1977;  cited 
by  Huteau,  1980)  on  one  hand,  and  the  performances  in  seriation 
tasks  (Huteau  and  Rajchenbach,  1978;  Grippin  et  al.,  1973;  cited  by 
Huteau,  1980)  on  the  other  hand.  The  mobility  in  successive 
dichotomies  tasks  proves  to  be  moderately  related  with 
field- independence  in  children  only  (Pascual-Leone,  1969;  O’Bryan 
and  Mac  Arthur,  1969;  cited  by  Huteau,  1980).  The  analysis  of  the 
relations  between  the  cognitive  style  and  the  capacity  to  use 
combinatory  operations,  gives  contr^ictory  results,  depending  on 
the  material  used  (Baber,  1976;  Huteau  and  Rajchenbach,  1978; 
Longeot,  1974;  Neimark,  1975;  Pascual-Leone,  1969;  Saami,  1973; 
cited  by  Huteau,  1980).  On  the  contrary,  positive  relations  have 
been  found  between  the  field-independence  and  the  mastery  of  the 
notion  of  probability  (Pascual-Leone,  1969;  Huteau  and 
Rajchenbach,  1978;  Niemark,  1975),  volume  conservation 
(Ghuman,  1977;  Huteau  and  Rajchenbach,  1978;  Pascual-Leone, 
1969)  and  experimental  reasoning  (Saami,  1973;  Lawson,  1976; 
Lawson  and  Wollman,  1977;  Pulos  and  Adi,  1978). 

Thus,  as  noted  by  Huteau  :  "The  review  of  the  literature  about  this 
topic  shows  an  interaction  between  cognitive  style  and  characteristics 
of  the  situations  chosen  to  assess  the  developmental  level..."  and  it 
supports  the  hypothesis  according  to  which  ...  "the  strength  of  the 
relationship  between  field-independence  and  efficiency  in  Piagetian 
tasks  is  linked  to  the  pregnancy  of  figurative  components  when  these 
make  the  problem  more  difficult ..."  (as  it  is  the  case  for  the  space 
representation  for  the  conservation  tasks)  (Huteau,  1980,  p.  35).  As 
a  rule,  field-independent  subjects  reveal  themselves  more  efficient 
when  destructuration-restructuration  capacities  are  needed  (as  in  tasks 
where  several  factors  have  to  be  dissociated). 


In  the  sphere  of  concept  learning,  researchers  have  shown  that  the 
effects  of  the  salient  cues  are  more  accentuated  for  field-dependent 
subjects.  They  experience  difficulties  of  learning  when  the  cues  that 
were  useful  in  solving  a  given  problem  arc  no  longer  relevant  in  a 
new  problem.  (Ohnmacht,  1966;  Zawel,  1970;  cited  in  Witkin  et  al., 
1978,  p.  322). 

Field-dependent  subjects  tend  to  adopt  a  passive  approach  to 
problems,  rather  than  use  a  strategy  of  verification  of  hypothesis 
(Nebelkopf  and  Dreyer,  1973;  cited  by  Witkin  et  al.,  1978,  p.  320). 
They  are  less  efficient  than  field-independent  subjects  in  learning 
without  reinforcement  (Fitz,  1971;  PacUsanu,  1970;  Steinfeld,  1973; 
cited  by  Witkin  et  al.,  1978,  p.  316). 

In  view  of  all  these  results,  i*  seemed  appropriate  to  look  for 
relations  between  the  performance  observed  in  the  Visual  Matrix 
Task,  which  includes  visual  cues,  and  the  degree  of  field-dependence 
/  independence  of  the  subjects. 

The  French  version  of  the  Group  Embedded  Figures  Test  was 
chosen  to  differenciate  the  subjects  according  to  their 
field-dependence  or  independence.  This  test  was  proposed  only  to 
adolescents  and  to  adults  because  there  was  no  French  version  of  it 
adapted  for  children. 

2.5.2.  THE  "ASSIMILATOR/ EXPLORER"  COGNITIVE  STYLE 

Another  model  of  cognitive  style  has  been  proposed  by 
Kaufmann,  1979  under  the  label  "Assimilator  -  Explorer".  This 
author  has  shown  with  a  modified  version  of  the  Luchins' 
jar-problems,  that  some  subjects  spontaneously  change  their  method 
of  solution.  On  the  contrary,  other  subjects  always  use  the  same 
method,  even  if  easier  methods  are  possible.  Kaufmann  considers 
that  these  two  types  of  subjects  can  be  characterized  by  two  different 
cognitive  styles :  respectively,  the  "Explorer"  and  the  "Assimilator" 
styles.  "Explorers"  can  change  their  method  when  the  situation 
requires  it  easier  than  "Assimilators". 

The  strategies  used  by  the  two  types  of  subjects  defined  by 
Kaufmann  could  be  compared  with  the  two  different  kinds  of 
thinking  identified  by  Guilford  (1950;  1967) :  divergent  thinking  and 
convergent  thinking.  The  most  imponant  of  these  for 
problem-solving  is  the  divergent  thinking  which  is  assumed  to  be 
critical  in  producing  novel  approaches  to  problems,  involving  not 
logical  thinking  (contrarily  to  ^e  convergent  thinking)  but  thinking 
that  is  "free"  and  allowing  the  problem  solver  to  break  away  from  old 
habits  of  thought. 

In  a  certain  sense,  Kaufmann  also  approached  the  subject's 
spontaneous  behavioral  variability  and,  as  he  noted  himself  ;  "...  it 
would  be  interesting  to  employ  an  experimental  situation  of  the  kind 
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developped  above  (the  modified  version  of  Luchins’  jar-problems)  as 
a  basis  of  prediction  of  problem-solving  perform^cc  m  ^ks  mt 
require  variability  in  perspectives  and  novel  approaches  in  order  to  be 
solved  in  a  satisfactory  way."  (Kaufmann,  1979,  p.  lOo). 


Adults  of  our  third  experiment  have  been  submitted  to 
Kaufmann's  task.  Their  performance  expressed  in  terms  ol 
cognitive  style"AssimiIator  or  Explorer"  has  been  compared  with 
their  behavior  in  the  Visual  Matrix  Task . 


/ 


/ 
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CHAPTER  3 


METHODS  - 
GENERAL  DESCRIPTION 
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In  this  chapter,  those  aspects  of  methods  put  to  wotk  that  arc 
common  to  the  whole  set  of  experiments  will  be  presented.  A 
detained  description  of  each  task  used  will  be  given,  including 
material,  procedure  and  treatment  of  data.  General  procedure 
common  to  all  experiments  will  be  complemented  by  methodological 
aspects  specific  to  each  experiment,  presented,  for  the  sake  of  clarity, 
in  table  form  -  details  on  these  specific  aspects  being  presented  later 
in  the  chapters  devoted  to  experimental  report  proper. 


3.1.  VISUAL  MATRIX  TASK 


-  Materia]  and  procedure 

In  order  to  assess  behavioral  variability,  a  modified  version  of 
the  Visual  Matrix  Task  has  been  used.  It  is  borrowed  from  a 
procedure  originally  designed  by  Vogel  and  Annau  (1973)  in  a 
study  on  animal  subjects.  A&  already  pointed  out,  it  could  legitimately 
be  caDed  a  Visual  Maze  as  well. 

The  4x4  light  bulbs  matrix  display  used  in  Vogel  and  Annau 
(1973)  experiment  was  changed  to  an  animated  canoon  style 
presentation  on  video  screen  of  20  x  27  cm  (Commodore,  model 
1701).  Two  response-buttons  were  placed  in  front  of  the  video 
screen.  This  equipment  was  connected  to  a  microcomputer 
(Commodore  64)  for  on-line  control  of  the  experiment,  including 
video- screen  display  and  recording  of  responses. 


Subjects  were  sitting  at  a  table  in  front  of  the  response-buttons 
and  of  the  video  screen  and  they  were  presented  with  a  bank 
building  with  four  floors  and  four  windows  at  each  floor.  A 
moneybag  was  visible  in  the  upper  left  window  at  the  begining  of 
each  trial. 

A  response  on  the  left  button  had  the  consequence  of  moving  the 
bag  to  the  next  window  to  the  right  and  a  response  on  the  right  button 
similarly  resulted  in  displacing  the  bag  one  step  downward.  The  trial 
was  completed  and  reinforced  when  the  bag  reached  the  bonom  right 
window. 
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A  correct  sequence  was  defined  as  a  sequence  in  which  the  "goal " 
(bottom  right  window)  was  reached  after  six  responses  -three  on 
each  button-  in  any  of  the  20  possible  corr*  inations.  No  tolerance 
was  made  for  extra  responses  (a  4th  response  on  a  given  button). 
In  such  cases,  the  trial  was  terminated  and  another  trial  was 
initiated.  There  were  30  possible  incorrect  sequences. 

Every  reinforced  sequence  was  also  followed  by  a  new  trial.  They 
were  separated  by  intenrials  intervals  of  6.3  seconds  (time  between 
the  last  push  on  one  button  and  a  new  possibility  to  begin  a 
responses  sequence).  When  a  sequence  was  correct,  the  bag  fell 
into  a  wheelbarrow  pushed  by  a  securityman,  who  took  it  to  a  safe 
pictured  on  the  screen  close  to  the  bank  building.  Each  bag  put  into 
the  safe  added  one  point  to  a  counter  shown  on  the  screen,  and  the 
safe  filled  up  a  little  (always  by  the  same  amount).  If  the  sequence 
was  incorrect,  the  bag  fell  into  the  wheelbarrow,  but  a  thief  would 
arrive  and  take  it  away. 

-  Instructions  ;  "You  see,  here  is  a  bank  building  with  windows. 
Behind  one  of  them,  there  is  a  moneybag  that  you  can  move  by 
pressing  the  buttons  which  are  in  front  of  you.  You  must  try  to  put  as 
many  moneybags  as  possible  in  the  safe. 

If  you  succeed,  a  securityman  will  help  you  .  But,  if  you  make  a 
mistake,  a  thief  will  arrive  and  he  will  take  the  moneybag  away. 
So,  you  will  get  no  point. 

Take  care,  you  can  press  only  one  button  at  a  time." 

-  Different  matrix  types  were  used  : 

The  matrices  N,  R  and  D  were  used  in  the  first  experiment  and  the 
matrices  N,  D,  DIO  and  C  were  used  in  the  second  and  in  the  third 
experiments. 

1.  Normal  Matrix  (Ts) ; 

The  matrix  and  the  reinforcement  principles  were  those  described 
above.  Each  correct  sequence  was  rewarded. 

2.  Random  Matrix  (R) : 

Though  the  rules  remained  the  same  as  far  as  sequences  of 
responses  were  concerned,  the  visual  display  did  not  give  any 
useful  information.  After  a  response,  the  bag  moved  randomly  to 
another  window  and  no  particular  window  was  a  goal  or  initiated 
a  trial. 

3.  Normal  Matrix  with  Differential  Reinforcement  CD) : 

The  principles  were  the  same  as  in  N,  except  for  the  rule  of 
reinforcement  A  correct  sequence  was  reinforced  if  and  only  if  it 
was  different  from  the  two  previous  ones  (correct  or  incorrect). 

4.  A  second  type  of  Normal  Matrix  with  Differential  Reinforcement 

£DiQ}: 

A  correct  sequence  was  here  reinforced  if  it  was  different  ftom  the 
ten  previous  ones  (correct  or  incorrect). 


TABLE  01  : 


1.  £iL  :  NormaLMatrix 

All  correct  sequences  reinforced 

2.  K  ;  Random  Matrix 

All  correct  sequences  reinforced  but  the  visual  display  does 
not  give  any  useful  information 


3  .  n  :  Normal.  Matrix,  with  Differential  Keinforcement 

A  correct  sequence  reinforced  if  different  from  the  two 
previous  ones 


4.  ILi  0  :  Smind _ tipg  of  Normal _ Matrix  with 

Differential  Reinforcement 

A  correct  sequence  reinforced  if  different  form  the  igji 
previous  ones 


5.  £  :  Matrix  with  prescribed  sequences 
Only  three  specific  sequences  reinforced 
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5.  Matrix  with  prescribed  sequences  (constrained  :  C) : 

Only  three  particular  sequences  were  reinforced:  A 
BAA3AB,  ABBAAB  (with  A  =  one  push  on  the  right  button 
and  B  =  one  push  on  the  left  button). 

Each  subject  was  individually  submitted  to  several  sessions  of  50 
trials  each. 

Abbreviations  and  full  labeling  for  all  5  matrix  types  are  given  in 
Table  01,  also  reproduced  on  a  separate  sheet  to  help  the  reader 
in  the  results  section. 

-  Treatment  of  data  : 

Ten  indices  were  selected  to  provide  optimal  information  about 
performance  and  behavioral  variability  in  the  Visual  Matrix  Task. 
Their  values  were  computed  for  each  subject  and  for  each  session  of 
50  trials. 

1.  The  percentage  of  correct  sequences  .  %  CS 

2.  The  percentage  of  the  dominant  sequence  :  %  I2S 

It  is  the  percentage  of  the  sequence  that  was  the  most  often 
emitted  by  a  subject  in  a  session.  It  can  differ,  for  the  same 
subject,  from  one  session  to  another. 

3.  The  uncenaintv  of  sequences  :  U(S) 

This  index  is  derived  from  Information  Theory  (Shannon  and 
Weaver,  1948).  The  mathematical  model  associated  with  the 
theory  provides  an  adequate  way  to  estimate  the  degree  of 
variability  within  the  system  being  considered,  or  conversely,  the 
degree  of  organization.  When  one  comes  to  measure  it,  variability 
is  of  course  a  relative,  not  an  absolute  concept  The  model  permits 
to  estimate  the  information  of  a  message  Xi :  ( I  (Xi)  =  -  Iog2  pi ) 

with  pi  being  equal  to  the  probability  of  occurrence  of  Xi  in  a  set 
of  messages  :  X  =  {  X|,  X2,  X3 . X^).  The  global 

"information"  of  the  set  of  messages,  called  uncertainty  U(X),  is 
equal  to  the  weighted  sum  of  the  information  of  the  different 
messages : 


n 

U(X)=  .  I  pilog2Pi 

i  =  l 

The  uncenainty  of  sequences  U(S)  was  computed  on  the  set  of 
sequences  produced  by  one  subject  during  one  session  of  50  trials : 
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sequence i 

5  0  frequency 

U  (S)  =  -  S  pi  Iog2  pi,  with  pi  =  - 

is  1  50 

This  index  is  expressed  in  bits  -  the  classical  unit  in  Information 
Theory  -  since  logarithms  arc  in  base  2.  U(S)  is  maximum  if  all 
sequences  are  equiprobable  :  U(S)  =  log250  =  5.64...  It  is  0,  if  only 

one  sequence  is  emitted  during  the  session.  This  index  is  used  to 
estimate  the  general  degree  of  variability  of  the  sequences  in  a 
session. 

4.  The  number  of  different  correct  sequences  :  NCS.  (0  to  20). 

5.  The  uncertainty  of  correct  sequences  :  U(CS). 

correct  sequence  i 
frequency 

U(CS)  =  -  L  pi  log2  pi^  with  pi  =  - 

i  =  1  total  number  of  correct 

sequences  produced  by 
the  subject 

This  index  is  computed  as  U(S)  (see  3  above).  It  can  vary  from  0 
to  4.32 

6.  The  number  of  different  incorrect  sequences  :  NTS.  (0  to  30). 

7 .  The  uncertainty  of  incorrect  sequences  ;  U(IS). 


incorrect  sequence  i 

30  frequency 

U(IS)  =  *  pi  Iog2  pi,  with  pi  =  - 

i  =  1  total  number  of  incorrect 

sequences  produced  by 
the  subject 


The  index  is  computed  as  U(S)  (see  3  above).  It  can  vary  from  0 
to  4.90. 

8.  The  number  of  correct  sequences  differing  from  the  2  previous 
ones  (correct  or  incorrect) :  2^2 

It  corresponds  to  the  number  of  reinforcements  in  the  matrix  D. 

9.  The  number  of  correct  sequences  differing  from  the  10 
previous  ones  (correct  or  incorrect)  miiQ, 

It  corresponds  to  the  number  of  reinforcements  in  the  matrix  DIO. 
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IQ.The  number  of  sequences  which  are  pan  of  the  3  reinforced 
sequences  in  the  matrix  C  :  NSC 

It  corresponds  to  the  number  of  reinforcements  in  the  matrix  C. 

Abbreviations  and  full  labelling  for  all  ten  indices  are  given  in 
Table  02.,  that  is  reproduced  on  a  separate  sheet  to  help  reading. 

The  last  two  indices  (9  and  10)  were  only  used  in  the  experiments 
2  and  3. 

A  supplementary  index  was  selected  that  was  thought  to  possibly 
bring  more  qualitative  informations  about  the  organization  of 
subjects'  behaviors:  the  dominant  sequence  type  fPSl.  All  the 
dominant  sequences  were  distributed  into  four  groups,  according  -to 
the  most  frequent  DS  types. 

With  A  =  one  push  on  the  right  response-button  and  B  =  one 
push  on  the  left  response-bunon  ,  we  have  : 

1 .  Comer  sequences  (AAABBB  or  BBBAAA), 

2.  Diagonal  sequences  (ABABAB  or  BABABA), 

3.  Other  correct  sequences  (AABBBA,  BABBAA .  for 

example), 

4.  Erroneous  sequences  (AAAA,  BBAABB . for  example), 

5.  Constraint  sequences  :  this  category  includes  the  3  sequences 
reinforced  in  the  matrix  C  (AABABB,  BAABAB,  ABBAAB). 


In  the  results  section  of  chapters  4  and  5,  results  in  the  matrix  will 
be  presented  under  two  headings,  performance  and  variability. 

Performance  refers  here  to  those  asj)ects  of  the  subject’s  behavior 
which  contribute  to  efficiency,  i.e.  to  reinforcements. 

The  performance  of  subjects  is  assessed  by  the  following  indices : 

-  %  CS  in  all  matrixes  (it  corresponds  to  the  number  of 
reinforcements  in  the  matrices  N  and  R). 

-  NSD2,  NSDjq  and  NCS  in  the  matrixes  D,  DjQand  C, 

respectively  (these  indices  correspond  to  the  number  of 
reinforcements  in  these  matrixes). 

Variability  refers  specifically  to  the  changes  exhibited  by  the 
subject  in  sequences  he  used. 

The  global  variability  of  subjects  is  assessed  by  %  DS  and  U(S) 
in  all  matrixes. 

In  addition,  variability  of  correct  sequences  and  variability  of 
incorrect  sequences  have  often  be  considered  separately.  They  have 
be  assessed  by  NCS  and  U(CS)  and  by  NIS  and  U(IS),  respectively. 
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Table  02  :  LIST  OF  INDICES 

1.  %xs 

Percentage  of  Correct  Sequences. 

2.  SsJ)^ 

Percentage  of  the  Dominant  Sequence. 

3. 

Uncertainty  of  Sequences. 

4.  NCS 

Number  of  different  Correct  Sequences. 

5.  U  ICSl 

Uncertainty  of  Correct  Sequences. 

6.  MS 

Number  of  different  Incorrect  Sequences. 

7.  ILilSl 

Uncertainty  of  Incorrect  Sequences. 

8.  NSD^ 

Number  of  correct  Sequences  Differing  from  the  two  previous 
ones  (correct  or  incorrect). 

9.  liSIIifl 

Number  of  correct  Sequences  Differing  from  the  ten  previous 
ones  (correct  or  incorrect). 


10.  NSC 

Number  of  Sequences  which  are  pan  of  the  three  reinforced 
sequences  in  the  matrix  C. 
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3.2.  OTHER  COGNITIVE  TASKS 

In  this  section,  tasks  that  were  used  for  comparison  with  the 
performance  in  the  MATRIX  are  described.  The  source  in  the 
literature  where  more  details  can  be  found,  is  mentioned  immediately 
after  the  label.  The  experiment  (1, 2  or  3)  and  age  group(s)  in  which 
the  task  has  been  used  arc  also  mentioned. 

3.2.1.  SIMPLE  SERIATION  AND  INTERCALATION  (Piaget  and  Inhelder,  1967) 
(Experiment  1  :  5-6  y.o.) 

Material : 

6  wooden  sticks  of  different  lengths  (5,  6, 7,  8, 9  andlO  cm). 


Procedure  : 

a)  The  9  cm  stick  was  taken  away.  The  task  was  to  seriate  the 
other  five  according  to  length. 

b)  If  seriation  was  correct,  the  subject  was  asked  to  insert  the 
missing  stick  in  the  correct  position. 


Performance  on  the  task  (and  the  procedures  employed  by  the 
subject)  were  observed  and  directly  transcribed  on  paper  by  the 
experimenter. 


Treatment  of  data ; 

Subjects  were  put  into  two  categories,  the  performance  criteria  for 
being  put  in  gat.  2  presumably  showing  higher  cognitive  level  than 
those  for  cat.  1. 


Cat.  1  :  subjects  did  not  correctly  arrange  the  elements  (examples: 
they  "drew"  a  house;  they  assembled  the  elements  by  two  or  by  t^e: 
they  formed  the  top  of  stairs,  but  without  taking  into  account  the 
stairs  basis.) 

Cat.  2  :  subjects  made  a  correct  seriation  (with  or  without  the 
direct  insertion  of  the  remaining  element). 


2.2. 


MULTIPLICATIVE  SERIATION  (Piaget  and  Inhelder,  1967) 
(Experiment  1  :  9-10  y.o.) 


Material : 

7x7  sticks  that  could  be  seriated  on  the  basis  of  size  (7  different 
sizes :  4,5,6,7,8, 9  and  10  cm)  and  color  saturation  (7  different  color 
saturations  for  7  sticks  of  a  determined  length). 


Procedure  : 

The  subject  was  to  order  all  the  49  sticks  according  both  to  size 
and  color  saturation. 


f 
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Instructions : 

"You  see  these  sticks,  they  are  of  different  sizes  and  color 
intensities.  Could  you  set  them  in  order  ?  Do  as  you  like". 

-  If  the  subject  did  not  understand  the  instructions,  he/she  was 
further  instructed  to  set  all  the  wooden  sticks  in  order  both  from 
the  smallest  to  the  longest,  and  from  the  lightest  to  the  darkest. 

-  If  the  subject  could  not  carry  out  his/her  seriation,  the 
experimenter  began  the  seriation  and  the  subject  was  asked  to 
complete  it 

Performances  on  the  task,  and  the  procedures  employed  by  the 
subjects  were  observed  and  recorded. 

Treatment  of  data. 

Subjects  were  put  into  three  categories,  the  performance  criteria 
for  being  put  in  cat.  3.  presumably  showing  higher  cognitive  level 
than  those  for  cat.  2  and  the  performance  criteria  for  being  put  in  cat 
1,  presumably  showing  lower  cognitive  level  that  those  for  cat.  2. 

Cat.  1  ;  subjects  arranged  the  elements  according  to  only  one 
dimension  (length  or  color  saturation)  or  correctly  completed  the 
example  given  by  the  experimenter. 

Cat.  2  :  subjects  arranged  the  elements,  according  to  one 
dimension  and  rearranged  this  first  seriation,  according  to  the  second 
dimension. 

Cat.  3  :  subjects  arranged  the  elements,  according  to  the  two 
dimensions,  simultaneously. 

3.2.3.  FREE,  DICHOTOMIC  AND  MULTIPLICATIVE  CLASSIFICATIONS. 
LEVEL  1  :  3  CRITERIA  OF  DICHOTOMY  (Piaget  and  Inhelder,  1967) 
(Experiment  1  :  5-6  y.o;  9-10  y.o.) 

Material : 

-  8  elements  that  could  be  sorted  on  .le  basis  of  size  (7  x  7  cm  and 
7  cm  0;  3,5  x  3,5  cm  and  3,5  cm  0),  color  (blue;  yellow),  or 
shape  (disk;  square). 

-  A  sheet  of  paper  that  could  be  divided  in  2  or  4  parts  by  two 
removable  partitions. 
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a)  Free  classifications : 

-  All  the  elements  were  displayed  in  disorderly  manner  on  the  table 
in  ftont  of  the  subject. 

-  The  subject  was  asked  to  group  the  elements  in  any  way  he/she 
wished  to. 

Instructions  ; 

"You  see,  these  pieces  are  all  mixed  up,  could  you  set  them  in 
order  putting  together  those  that  are  alike  ?” 

-  After  his^er  first  arrangement,  the  subject  was  asked  to  cany  out 
another  classification. 

Instructions  : 

"Could  you  set  in  order  the  pieces  again,  but  in  another  way, 
always  putting  together  those  that  arc  alike  ?" 

b)  Dichotomies : 

-  The  elements  were  mixed  up  and  the  sheet  of  paper  (divided  in  2 
parts)  was  placed  right  in  front  of  the  subject 

-  The  subject  was  asked  to  distribute  the  elements  in  two  sets. 


Instruction 

"Could  you  arrange  the  pieces  by  making  only  two  sets  ?" 


I 
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-  Finally,  he/she  was  asked  to  make  yet  2  different  dichotomies, 
c)  Multiplicative  classifications : 

-  The  elements  were  mixed  together  and  the  sheet  of  paper  was 
divided  in  4  parts  by  two  removable  partitions. 

-  The  subject  was  asked  to  distribute  the  elements  in  4  sets. 

Instructions  : 

"Would  you  arrange  these  pieces  in  4  sets;  if  one  takes  this 
separation  (vertical)  off,  these  sets  (experimenter  designates  sets) 
must  fit  together,  and  if  one  takes  this  other  separation  (horizontal) 
off,  these  other  2  sets  must  fit  too  (designates). 

-  As  for  the  dichotomies,  the  subject  was  asked  to  make  two 
additional  multiplicative  classifications. 

-  The  subject  was  asked  to  justify  each  of  his/her  performances. 

-  Performances  on  the  task,  the  procedures  employed  by  the  subject 
and  his/her  justifications  were  observed  and  recorded  by  the 
experimenter. 

Treatment  of  data  : 

For  the  free  classifications  test,  subjects  of  5-6  y.o.  were  put  into 
two  categories.  The  performance  criteria  for  being  put  in  cat.  2. 
presumably  showing  higher  cognitive  level  than  those  for  cat.  1. 

Cat.  1  :  subjects  did  not  spontaneously  make  any  classification 
(for  example,  they  put  the  totality  or  a  part  of  elements  into  a  line; 
they  assembled  some  elements  to  make  a  picture). 

Cat.  2  ;  subjects  spontaneously  made  several  under  -collections, 
one  dichotomy  or  one  multiplicative  classification  (for  example,  the 
objects  distribution  could  be  represented  as  follows  ; 


yellow  circles 
blue  circles 


yellow  squares 
blue  squares 


For  the  subjects  of  9-10  y.o.,  these  2  categories  were  modified  as 
follow  : 

Cat.  1  :  subjects  spontaneously  classified  the  objects  into  2 
collections  (one  dichotomy)  or  divided  the  objects  into  2  collections 
which  were  itselves  divided  into  2  under-collections. 

Cat.  2  :  subjects  put  spontaneously  together,  by  trials  and  errors, 
the  different  under-collections,  according  to  their  common 
characteristics  (one  multiplicative  classification)  or  executed, 
directly,  a  correct  multiplicative  classification. 

The  numbers  of  conrectly  justified  dichotomies  (from  0  to  3)  and 
the  number  of  correctly  justified  multiplicative  classifications  (from  0 
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to  3)  were  taken  into  account. 


3.2.4.  FREE,  DICHOTOMIC  AND  MULTIPLICATIVE  CLASSIFICATIONS. 
LEVEL  2  :  6  CRITERIA  OF  DICHOTOMY  (Botson  and  Dclidge,  1976) 
(Experiment  1  ;  9-10  y.o.;  14-15  y.o.) 

Material : 

16  geometrical  forms.  The  characteristics  of  the  elements  were 
determinated  as  a  function  of  6  criteria  of  dichotomy  :  round/square; 
blue/yellow;  Large/small;  thin/thick;  picrccd/whole;  stripcd/stripeless. 

There  were  always  8  elements  for  each  component  of  the 
corresponding  dichotomy. 


tment  of  data  were  similar  to  those 
which  wi-re  used  for  the  level  1  classifications. 

But,  with  this  second  material,  the  subject  could  carry  out  6 
different  dichotomies  and  15  different  multiplicative  classificar.ons. 
So,  he/she  was  asked  to  modify  his/her  dichotomy  (or  multiplicative 
classification)  as  many  times  as  he/she  could.  TTie  experimenter 
stopped  requesting  modifications  when  the  subject  had  made  3 
sucessive  mistakes  or  had  repeated  3  times  in  a  row  a  given 
dichotomy  (or  multiplicative  classification)  hc/she  had  already  carried 
out,  or  when  he/she  had  not  produced  any  new  solution  for  3 
minutes.  To  avoid  memory  problems,  subject  -.vas  given  a 
photography  of  each  classification  he/she  had  already  made. 
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Performances,  proced'ires  employed  by  the  subject  and  his/her 
justifications  were  recorded. 

3.2.5.  INCLUSION  QUANTIFICATION  (Piaget  and  Inh'-lder,  1967) 

(Experiment  1  ;  5-6  y.o.;  9-10  y.o.) 

Material : 

7  paper  disks  (3.5  cm  0) ;  5  blue  and  2  yellow. 

Procedure  : 

-  The  disks  were  disposed  in  line. 

-  Inclusion  question  :  "You  see,  these  are  all  paper  disks,there  are 
..-^me  yellow  and  some  blue  disks.  Could  you  tell  me  if  there  are 
more  paper  disks  or  more  blue  disks". 

-  li.e  subject  was  requested  to  justify  his/her  answer. 

Treatment  of  data  : 

Only  the  subjects  who  gave  the  correct  response  and  who  could 
justified  it,  were  considered  as  grasping  the  notion  of  inclusion. 

3.2.6.  PERMUTATIONS  (Piaget)  (Experiment  1  :  adolescents  and  adults) 

Materi.il: 

4  disks ;  1  blue,  1  red,  1  yellow  and  1  green. 

Procedure: 

a)  Three  disks  were  placed  in  line  in  front  of  the  subject. 

-  The  subject  was  asked  to  find  the  number  of  permutations  which 
were  possible  with  3  disks  and  to  tell  how  he/she  had  found  this 
number. 

Instructions  : 

1. "How  many  different  arrangements  in  line  can  you  do  with  these  3 

disks  ?" 

2.  "How  did  you  find  this  number  ?" 

-  Afterwards,  the  subject  was  asked  to  write  the  different 
permutations  on  paper. 

b)  The  subject  had  to  find  and  justify  the  number  of  permutations 
with  4  disks  and  finally,  with  5  disks. 

-  Numbers  given  and  their  justifications  were  recorded. 

Treatment  of  data : 

Subjects  were  put  into  4  categories,  the  performance  criteria  for 
being  put  in  Cat.  4.  presumably  showing  higher  cognitive  level  that 
those  for  the  other  categories. 

Cat.  1  :  Subjects  did  not  know  the  permutation  computation 
principle  and  did  not  apply  a  systematic  procedure  to  execute 


/' 


/' 

/ 


91 


permutations. 

Cat.  2  :  Subjects  did  not  know  the  permutation  computation 
principle  and  adopted  a  systematic  procedure  to  execute 
permutations,  but  not  to  the  totality  of  them. 

Cat.  3  :  Subjects  did  not  know  the  permutation  computation 
principle,  but  adopted  a  systematic  procedure  to  execute  the  totality  of 
permutations. 

Cat.  4  :  Subject  knew  the  permutation  computation  principle  and 
systematically  executed  the  totality  of  permutations. 

3.2.7.  PERCEPTUAL  SERIAL  CLASSIHCATION  (Botson  and  Deli6ge,1976) 
(Experiment  1  :  5-6  y.o.;  9-10  y.o.) 


In  this  type  of  serial  classification,  the  perceptual  cues  correspond 
to  the  logic  of  the  system. 

The  task  was  composed  of  4  items  (the  first,  was  a  trainingg 
item).  Each  series  could  be  dichotomized  at  each  point  according  to 
the  following  properties. 


Form 


Texture 


volume 


color 


spheric 

angular 

angular 

angular 

angular 

smooth 

smooth 

rough 

rough 

rough 

thick 

thick 

thick 

thin 

thin 

colorless 

colorless 

colorless 

colorless 

colored 
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Thick  /  ihin 

Rough  /  Smooth 

Red  /  Blue 

Large  /  Small 

Rectangular  /  Triangular 

Opaque  /  Transparent 


Colored  /  Colorless 

Angular  /  Round 

Volume  /  Flat 

Whole  /  Pierced 


Procedure  : 

For  each  item,  the  subject  was  presented  w’ith  an  array  of  objects 
varying  along  several  dimensions.  His/her  task  was  to  set  in  order 
the  objects  in  such  a  way  that  at  any  point,  the  scries  could  be 
dichotomically  cut,  with  the  objects  on  one  side  sharing  a  common 
prop)eny,  but  lacking  an  additional  one  shared  by  the  objects  on  the 
other  side. 

a)  Building  the  scries : 

Instructions ; 

"Here  are  the  objects  you  will  order  in  a  row,  one  after  the  other, 
but  paying  ancntion  to  the  sequence  in  which  you  do  it.  You  choose 
first,  the  one  that  is  different  from  all  the  others  for  whatever 
reason."  "Then,  you  choose  another  one  so  that  the  first  two  go 
together  and  are  different  from  all  the  ones  left  for  whatever 
rcason.""You  choose  another  one  so  that  the  first  three  go  together 


/ 


/ 
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and  are  different  from  all  the  ones  left  for  whatever  reason".  Etc... 
b)  Justifying  the  order  : 

-  After  the  construction  of  each  series  the  subject  was  asked  to  justify 
each  dichotomy. 

Instructions  : 

"Tell  me  what  makes  the  first  object  different  from  all  the  others; 
tell  me  what  makes  the  first  two  objects  different  from  all  the  others; 


-  If  a  series  was  incorrect,  the  experimenter  corrected  it  and  the 
subject  was  asked  to  justify  each  dichotomy  again.  If  he/she  could 
not  do  it,  correct  justifications  were  given  by  the  experimenter  to 
the  subject. 

-  For  each  item,  the  series  constructed  by  the  subject  and  all 
justifications  he/she  proposed  were  observed  and  recorded  by  the 
experimenter. 

Treatment  of  data. 

An  item  was  correct  if  the  series  and  all  the  justifications  given  by 
the  subject  were  correct.  For  each  subject,  the  number  of  correct 
items  was  taken  into  account  (from  0  to  3). 

3.2.8.  NON-PERCEPTUAL  SERIAL  CLASSIFICATION 
(Botson  and  Deliege,  1976) 

(Experiment  1  and  2  :  adolescents  and  adults) 

In  this  type  of  serial  classifications,  the  perceptual  cues  conflict 
with  the  logical  reasoning,  though  the  general  principles  were  the 
same  as  in  perceptual  seri^  classifications  described  above.  The  task 
was  composed  of  8  items  (first  and  second  are  training  items). 

Materials ; 

On  the  pictures  of  the  second  training  item  and  of  the  6  test-items, 
the  series  to  be  completed  is  represented  above  the  white  separation 
line,  the  multiple  choice  display  appears  below  this  line  and  die 
appropriate  object  is  placed  on  the  separation  line. 


I 
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Square  /  round 

Red 


blue 

( Whole  /  pierced) 


The  correct  element  wich  complety  the  series  is  round,  blue  and  pierced.  The 
characteristic  wch  differentiates  ^is  clement  from  the  other  ones  is  the  fact 
that  it  is  pierced  (the  3  other  elements  arc  whole). 


item  1 : 


Blue  /  red 

Square  /  round 

( Large  /  small) 


The  correct  element  is  red,  round  and  small  (all  the  other  elements  of  the 
series  are  large). 


Blue  / 


Red 

Rectangular/  Round 

(Fiat  / 


volume) 


The  correct  element  is  reu  round  and  it  is  a  volume  (the  other  elements  of  the 
series  are  flat). 


Itsm  4 : 


Opaque  /  Transparent 

Rectangular  /  Round 

(Thin  /  Thick) 


The  correct  element  is  transparent,  round  and  thick  (the  other  elements  of 
the  series  are  thin). 
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Round  /  angular 

YeUow  /  White 

Opaque  Transparent 


The  element  wich  must  be  inserted  into  the  series  is  angular,  yellow 
and  opaque. 


Pierced  /  whole 

Round  /  Angular 

Opaque  /  Transparent 

Smooth  /  Rough 

The  element  wich  must  be  inserted  into  the  series  is  round,  whole,  opaque 
and  smooth. 


Procedure: 

a)  First  training  item  : 

Subject  was  presented  with  an  array  of  4  objects  that  varied  along 
several  dimensions.  His/her  task  was  to  set  in  order  the  objects  in 
such  a  way  that  at  any  point,  the  series  could  be  dichotomically  cut, 
with  objects  on  one  side  sharing  a  common  property,  but  lacking  an 
additional  property  shared  by  the  objects  on  Ae  other  side. 

Instructions: 

"These  elements  are  all  unlike  each  other.  You  will  set  them  in  an 
order  that  I  shall  explain  to  you.  You  choose  first,  the  element  that  is 
different  from  all  the  others  on  one  of  its  characteristics...,  you 


choose  the  second  one  so  that  the  first  two  share  a  common  property 
which  opposes  them  to  all  the  others...,  you  choose  the  third  one  so 
that  the  first  three  share  a  common  property  which  opposes  them  to 
all  the  others,  etc... You  will  verify  that,  at  any  point,  the  arrangement 
is  correct  before  you  say  that  you  have  finished  it." 

b)  Second  training  item  : 

-  On  a  first  occasion,  the  subject  was  presented  with  an  array  of 
three  objects  and  his/her  task  was  to  set  in  order  these  objects  (as 
in  the  fint  training  item). 

-  The  second  time,  the  subject  was  presented  with  6  other  objects 
and  his^er  task  was  to  select  the  object  that  completes  the  series 
adequately. 

Instuction  ; 

"Now  you  will  choose  among  these  elements  one  which  can  be 
placed  at  the  end  of  the  row,  so  that  the  series  remains  correct.  It  is 
necessary  that  no  matter  where  we  cut,  we  will  still  be  able  to  find  a 
difference  between  all  the  elements  at  the  left,  and  all  those  at  the 
right". 

c)  Item  1  to  item  6. 

Subject's  task  was  to  complete  the  series  by  inserting,  at  a  given 
point,  the  appropriate  object  (at  the  end  of  the  series  for  items  1  to  4, 
and  between  2  objects  for  items  5  and  6). 

Instructions : 

Similar  to  those  given  fcM"  the  second  training  item. 

-  For  each  item,  after  the  object  was  chosen,  the  subject  was  asked 
to  justify  all  the  dichotomies  of  the  series. 

-  When  the  chosen  object  was  not  appropriate,  the  experimenter 
gave  the  subject  the  appropriate  one  and  explained  all  the 
dichotomies. 

-  For  each  item,  the  chosen  object  and  justifications  were  recorded. 
Treatment  of  data  ; 

An  item  was  correct  if  the  chosen  object  and  the  justifications 
given  by  the  subject  were  correcL 

For  each  subject,  the  number  of  correct  items  was  taken  into 
account  (from  0  to  6). 

3.2.9.  "GROUP  EMBEDDED  RGURES  TEST"  (GEFT) ;  FIELD-DEPENDENT 
AND  FELD-INDEPENDENT  CXXJNmVE  STYLES 
(Experiments  1  and  2 :  adolescents  and  adults) 

-  The  french  version  of  the  "Group  Embedded  Figures  Test ' 
(OLTMAN,  RASKIN  and  WITKIN,  1971)  was  employed  ("Test 
des  Figures  encastrfes",  published  by  :  Les  Editions  du  Ontre  de 
Psychologie  Appliqu6e,  Paris,  France,  1985). 
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This  test  consisted  of  complex  figtires  in  which  the  subject  had  to 
recognize  a  simple  figure.  When  the  subject  had  found  it,  he/she 
trac^  its  outlines  with  precision  and  as  fast  as  possible.  There 
were  three  parts  :  the  first  part  was  composed  of  7  items;  it 
constituted  a  training  exercise.  Each  of  the  others  two  parts  were 
composed  of  9  items. 

The  time  limit  was,  respectively,  for  the  3  parts,  of  2,  5  and  5 
minutes. 

In  the  example  presented  below,  the  subject  had  to  recognize  the 
simple  figure  A  in  the  complex  figure  B. 


P  ft 
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Treatment  of  data : 

Only  the  18  items  proposed  in  the  last  two  parts  of  the  test  were 
taken  into  account 

The  number  of  simple  figures  recognized  and  traced  with 
precision  in  the  time  limits  was  comput^  for  each  subjects  (the 
degree  of  field-independence  increases  as  a  function  of  the  number  of 
correct  items). 

3.2.10.  TASK  OF  KAUFMANN  ( 1979)  (Experiment  3  :  adults) 

Material,  procedme  and  instructions : 

Subjects  received  a  little  book  with  a  problem  on  each  page.  They 
had  a  paper  and  a  pencil  at  their  disposal. 

They  were  presented  with  the  following  instructions : 

"You  will  now  be  required  to  solve  some  practical  problems. 
Imagine  that  you  are  working  as  a  clerk  in  a  shop,  and  a  customer 
asks  for  a  certain  amount  of  flour.  Unfortunately,  your  scales  are  not 
working.  However,  there  are  some  containers  available,  each  of 
which  holds  a  certain  amount  of  flour.  By  way  of  these  you  will  be 
able  to  find  the  amount  required. 

Let  us  have  a  look  at  an  example  which  demonstrates  what  the  task  is 
about  and  how  it  is  to  be  solved  :  you  are  to  get  20  grams.  You  have 
one  container  available  that  holds  29  grams  and  another  one  that 
holds  3  grams.  How  to  get  20  grams  ? 

Solution  :  you  fill  up  the  29  grams  container  and  then  you  pour  3 
grams  into  the  other  container  3  times.  As  you  see,  we  now  get :  29 
-  3  =  26  -  3  =  23  -  3  =  20  grams  and  we  have  solved  the  problem. 
Now  there  are  20  grams  left  in  the  large  container.  Agree  ?  Are  you 
sure  you  have  understood  what  the  task  is  about  ?  In  the  following 
you  will  get  several  such  tasks  to  solve". 

The  problems,  presented  at  interval  of  3  minutes,  and  their 
possible  solutions  are  given  in  Table  0.3. 
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PROBLEMS 

CONTAINER  GIVEN 
(quantity  in  grams) 

TO  GET 

SOLUTION 

A 

B 

C 

29 

3 

20 

a.  A  -  3B 

1 

21 

127 

3 

100 

a.  B  -  A  -2C 

b.  B  -  9C 

c.  B  -  2A  +  5C 

2 

14 

163 

25 

99 

a.  B  -  A  -  2C 

3 

18 

43 

10 

5 

a.B-  A-2C 

4 

9 

42 

6 

21 

a.  B  -  A  -  2C 

b.  B-i-  A  -  5C 

c.  A  +  2C 

d.  3A  -  C 

e.  B  +  C  -3A 

5 

20 

59 

4 

31 

a.  B  -  A  -  2C 

b.  B  -  7C 

6 

18 

48 

4 

22 

a.  B  -  A  -  2C 

b.  A  +  C 

7 

28 

76 

3 

25 

a.  A-C 

Table  0.3. ;  Problems  and  solutions,  as  proposed  in  the  Task  of  Kaufmann 

The  "Example"  problem  was  for  illustrative  purposes.  If  the  jars, 
in  the  order  written,  are  labeled  with  the  letters  A,  B,  C,  respectively, 
then  the  test-problems  (1  to  6)  are  all  solvable  by  the  formula  B  -  A  - 
2C.  Problem  7  does  not  fit  this  formula.  While  it  is  possible  to 
solve  all  the  test-problems  by  the  same  formula,  several  other 
solutions  to  these  problems  are  also  possible.  Some  of  them  are 
simpler,  some  are  about  the  same  complexity,  and  some  are  more 
complicated  that  the  B  -  A  -  2C  procedure. 
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Treatment  of  data ; 

Subjects  were  put  into  2  categories  : 

In  the  category  "Assimilator"  were  put  subjects  who  employed  the 
standard  principle  throughout  the  6  test-problems 

In  the  category  "Explorer"  were  put  subjects  who  employed  one 
or  more  deviant  solution  -alternatives. 


3.3.  GENERAL  PROCEDURE  AND  SYNTHESIS  OF  THE 

METHODOLOGICAL  CHARACTERISTICS  SPECIFIC  TO  EACH 
EXPERIMENT 

Each  subject  was  individually  submitted  fu’st  to  several  sessions, 
of  50  trials  each,  on  the  Visual  Matrix  task. 

Subjects  of  each  age  group  (or  of  each  type  of  educational 
background)  were  randomly  distributed  into  several  experimental 
groups.  These  differed  according  to  the  type  of  matrix  proposed  at 
each  session. 

After  completing  the  Visual  Matrix  task,  subjects  were 
individually  submitt^  to  "cognitive"  tasks.  Afterwards,  subjects 
who  wanted  it,  were  informed  about  the  purpose  of  the  experiments 
and  were  given  an  answer  to  any  question  they  wished  to  ask. 

The  methodological  characteristics  specific  to  each  experiment  arc 
presented  in  Table  O.4.,  that  is  reproduced  on  a  separated  sheet  to 
help  reading  in  following  chapters. 
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De»ttepBicBtal  apprmcli  to  II.  EITtcl  of  a  variability  training  oo  the  subjects*  adaptation  In  a  new  situatkin. 

behavioTal  variability _ Variability  and  educational  background 


CHAPTER  4 

DEVELOPMENTAL  APPROACH  TO 
BEHAVIORAL  VARIABILITY 

-  EXPERIMENT  1  - 
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4.1.  AIMS  OF  EXPERIMENT  1 


The  following  questions  were  considered  in  a  developmental 
perspective : 

1 .  Does  contingent  reinforcement  produce  stereotypy,  even  when  this 
last  one  is  not  required  ? 

2.  What  is  the  role  of  the  information  given  by  the  environment  ?  What 
is  the  role  of  visual  cues  ?  Do  they  influence  the  sequence  form  ? 

3.  Is  it  possible  to  induce  behavioral  variability  ? 

4.  Which  role  is  played  by  the  individuals’  experimental  history, 
depending  up)on  the  situations  they  have  been  experiencing  ? 

5.  Are  there  relations  between  the  subjects'  cognitive  capacities,  their 
cognitive  style  (field  dependence  /  independence)  and  their 
performance  and  variability  at  the  Visual  Matrix  task  ? 

4.2.  METHOD 

4.2.1.  SUBJECTS 

Subjects  whose  data  could  not  be  entirely  used  (absence  from  school 
or  recording  errors)  were  excluded  from  an  initial  sample  of  100  subjects 
in  each  age  group.  Finally,  368  subjects  were  selected  and  distributed 
into  four  age  groups  : 

1 .  Nursery  School  children  (n  =  79;  43  girls  and  36  boys)  ranged  in  age 
from  4-1  to  5-1 1  with  a  mean  of  5-5  years  of  age. 

2.  Elementary  School  children  -  4th  grade  -  (n  =  91;  45  girls  and  46 
boys)  ranged  in  age  from  9-2  to  1 1  with  a  mean  of  9-9  years  of  age. 

3.  General  Secondary  School  adolescents  -  3th  grade  -  (no  Technical 
School  subjects  were  included)  (n  =  98;  59  girls  and  39  boys)  ranged 
in  age  from  13-1  to  15-8  with  a  mean  of  14-8  years  of  age. 

4 .  Adult  subjects  (studen  ,  all  departments,  at  the  University  of  Lidge) 
(n  =  100;  39  females  and  61  males)  ranged  in  age  from  18-3  to  24-7 
with  a  mean  of  20-  i  years  of  age. 

Subjects  of  the  first  three  age  groups  were  issued  from  the 
community  run  schools  of  the  city  of  Li^ge. 
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4.2.2.  MATERIALS  AND  PROCEDURE 
-  Visual  Matrix  Task  : 

Three  different  matrix  types  were  used  :  (see  list  of  matrix  types. 
Table  0.1,  p.  80) 

-  Normal  matrix  (N), 

-  Random  matrix  (R), 

-  Normal  matrix  with  differential  reinforcement  (D) 

Subjects  of  each  age  group  were  randomly  distributed  into  five 
experimental  groups  and  they  were  individually  submitted  to  tliree 
sessions  of  50  trials  each,  in  a  room  of  their  school  (a  period  of  24  hours 
was  allowed  to  elapse  between  two  consecutive  sessions). 


EXPERIMENTAL  GROUPS 

SESSION  1 

SESSION  2 

SESSION  3 

1 

N 

N 

N 

2 

N 

R 

Nl 

3 

N 

D 

N 

4 

D 

R 

N 

5 

R 

D 

N 

The  subjects  of  our  sample  were  distributed  into  the  5  experimental 
groups  as  showed  in  the  Table  1.1. 


AGE 

5-6  YEARS 

OLD 

GROUPS 

NNN 

NRN 

NDN 

DRN 

RDN 

TOTAL 

FEMALES 

8 

12 

8 

6 

9 

43 

MALES 

7 

6 

8 

7 

8 

36 

TOTAL 

15 

18 

16 

13 

17 

79 

AGE 

9- 

10  YEARS 

OLD 

GROUPS 

NNN 

NRN 

NDN 

DRN 

RDN 

TOTAL 

FEMALES 

10 

10 

9 

7 

9 

45 

MALES 

10 

8 

10 

10 

8 

46 

TOTAL 

20 

18 

19 

17 

17 

91 

AGE 

14  - 

15  YEARS 

OLD 

GROUPS 

NNN 

NRN 

NDN 

DRN 

RDN 

TOTAL 

FEMALES 

12 

14 

12 

9 

12 

59 

MALES 

5 

6 

7 

12 

9 

39 

TOTAL 

17 

20 

19 

21 

21 

98 

AGE 

ADULTS 

GROUPS 

NNN 

NRN 

NDN 

DRN 

RDN 

TOTAL 

8 

10 

6 

7 

8 

39 

MALES 

13 

10 

14 

13 

11 

61 

TOTAL 

21 

20 

20 

20 

19 

100 

Table  1.1  :  Subjects'  distributions  as  a  function  of  experimenta]  group  and  of  sex, 
in  each  age  group. 


Cognitive  tasks : 


The  specific  tasks  used  in  each  group  can  be  found  in  Table  0.4. ,  p. 

111. 

4.3.  RESULTS 

4.3.1.  VISUAL  MATRIX  TASK 

The  indices  selected  to  provide  optimal  information  about 
performance  and  behavioral  variability  in  ^e  Visual  Matrix  Task  have 
been  defined  pp  (indices  n®  1  to  n®  8). 

Two  supplementary  indices  were  c^culated  fcff  this  experiment ; 

-  The  mean  time  of  realization  of  one  sequence  :  MTR 

It  is  the  mean  time  for  completing  one  correct  or  incorrect  sequence. 
A  sequence  begins  with  the  first  push  and  ends  with  the  last  push  on  one 
response-button. 

-  The  mean  time  of  latency  :  MTL 

It  is  the  time  between  the  moment  when  a  first  lamp  on  the  Visual 
Matrix  is  lit  on  and  the  first  push  on  one  response-button,  that  initiates  a 
sequence. 

Means  and  standard  deviations  for  each  index  and  for  each 
experimental  group,  according  to  age  and  to  session,  can  be  found  in 
Appendix  1,  tables  1.2  to  1.11,  pp  12-21. 

4. 3. 1.1.  Effects  of  age  and  of  session  order  in  each  experimental  group  : 

-  Student  T -tests  for  related  samples  were  used  to  compare  the  values 
of  each  index,  in  the  3  sessions  in  each  experimental  group  and  in 
each  age  group  (see  Tables  123  to  1.42  in  Appendix  l,pp  28-47). 

-  For  each  irulex,  One-Way  ANOVA  (F)  and  Newman-Keuls  procedure 

(NK)  were  used  to  compare  the  four  age  groups,  in  each  session  of 
each  experimental  group  (see  Tables  153  to  1.62,  in  Appendix  l,pp 
58-67). 

-  Experimental  group  NNN 

Figure  1.1.  (p.  119)  presents,  for  each  index,  mean  values  as  a 
function  of  session,  for  each  age  group,  in  the  group  NNN. 

-  Performance  : 

In  each  age  group,  there  is  an  increase  of  the  %C.S.  from  the  first  to 
the  third  session.  The  5-6  years  old  (y.o.)  subjects  obtain  the  lowest  % 
C.S.  In  each  session  (significantly  different  only  for  the  first  session). 
Their  performance  is  progressively  approaching  the  performance  of  the 
other  age  groups.  The  latter  have,  at  once,  very  high  level  of  %  CS  (  > 
90%).  (">"  means  "superior  to";  "<"  means  "inferior  to"). 
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Fig.  1 .  1 .  For  each  index,  mean  values  as  a  function  of  session 
and  for  each  age  group,  in  the  group  NNN 
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There  is  a  concordance  between  results  obtained  on  realization  times 
and  results  on  performance  ;  MTR  is  significantly  reduced  between  the 
first  and  the  second  session,  for  all  the  age  groups.  It  is  still  decreased 
for  the  5-6  y.o.  during  the  last  session.  Generally,  the  youngests  arc  the 
lowest  and  the  adults,  the  fastest  for  MTR  and  MTL 

-  Variabiliry  : 

Parallel  to  the  increase  of  performance,  there  is  an  increase  of 
sequences  stereotypy,  as  globally  shown  by  the  indexes  that  estimate  the 
degree  of  sequences  variability  (sec  :  %DS,  NCS,  MIS,  U(S),  U(CS) 
and  U(1S)  in  Figure  1.1.).  This  is  esoetially  marked  from  the  first  to  the 
second  session  and  for  the  5-6  .?  J  9-10  y.o.  There  is  no  significant 
difference  between  age  groups,  il  we  look  at  the  variability  of  correct 
sequences  (NCS,  U(CS)).  But  we  find  a  slight  tendency  for  the  5-6  y.o. 
to  be  more  stereotyped  and  for  the  14-15  y.o.  to  be  more  variable.  The 
youngest  subjects  use,  on  the  contrary,  more  incorrect  sequences  and  are 
here  significantly  more  variable  than  the  other  age  groups. 

-  Experimental  group  NRN 

Figure  1.2.  (p.  121)  presents,  for  each  index,  mean  values  as  a 
function  of  session,  for  each  age  group,  in  the  group  NRN. 

-  Performance  : 

The  matrix  R  produces  a  significant  decrease  of  the  performance  in 
all  the  age  groups  (see  %  CS).  The  %  CS  returns  to  its  initial  level 
during  the  last  session,  for  the  first  three  age  groups.  It  rises  slightly  for 
the  adults.  The  5-6  y.o.  constantly  obtain  the  lowest  %  CS  .  The 
Elementary  School  subjects  seem  to  be  the  most  disturbed  by  the 
incoherence  of  visual  cues  in  R  ;  they  show  the  most  important  decrease 
of  the  %  CS  and  they  attain  a  level  similar  to  the  one  obtained  by  the 
youngest  subjects.  Realization  times  are  also  modified  by  R  :  they 
increase  from  the  first  to  the  second  session,  except  for  the  5-6  y.o. 
whose  MTR  stays  at  the  same  high  level  as  in  the  first  session. 
Afterwards,  they  are  significantly  reduced  to  a  lower  level  than  the  one 
reached  in  the  first  session,  again  except  for  the  5-6  y.o.  whose  MTR 
remains  high.  Latencies  are  not  so  much  influenced  by  R,  except  for  the 
youngests  whose  MTL  constantly  stays  at  high  levels. 

-  Variahilirv  : 

For  all  age  groups,  the  variability  of  incorrect  sequences  (U(IS)  and 
NIS  in  figure  1.2.,  pp....)  increases  significantly  with  the  matrix  R. 
This  is  consistent  with  ^e  decrease  of  the  performance  in  R  and 
explains,  for  a  major  part,  the  increase  of  general  variability  (U  (S)) 
among  the  5-6  y.o.,  the  9-10  y.o.  and  the  adults  (significant  only  for  the 
first  two  age  groups).  Despite  the  higher  variability  of  incorrect 
sequences,  ^obal  variability  (U(S)  and  %  DS)  remains  stable  among  the 
14-15  y.o.  This  can  be  explained  by  the  slight  increase  of  the  correct 
sequences  stereotypy  in  this  age  group,  instead  of  the  slight  decrease  of 
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Fig.  1 .  2.  For  each  index,  mean  values  as  a  function  of  session 
and  for  each  age  group,  in  the  group  NRN 
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this  feature  in  the  other  age  groups.  During  the  last  session,  the 
variability  of  incorrect  sequences  is  significantly  reduced  for  all  the 
subjects,  while  the  5-6  y.o.  maintain  the  highest  level.  The  9-10  y.o. 
and  the  14-15  y.o.  become  more  stereotyped  than  during  the  first 
session  and  reach  the  lowest  levels  for  all  the  cues  related  to  correct 
sequences  variability. 

-  Experimental  group  NDN 

Figure  1.3.  (p.  123)  presents,  for  each  index,  mean  values  as  a 
function  of  session,  for  each  age  group,  in  the  group  NDN. 

-  Performance  : 

The  requirement  of  variability  in  D  does  not  stop  the  increase  of  CS 
%.  Globally,  subjects  behave  like  in  the  first  experimental  group  NNN, 
even  if  we  observe  differences  between  age  groups  during  the  second 
session.  Indeed,  the  first  two  age  groups  do  not  increase  their  %  CS  as 
much  as  with  N  in  second  session  and  the  two  others  reach  a  slightly 
higher  level.  But,  we  may  suppose  that  the  differences  between  age 
groups  are  due,  at  least  in  part,  to  slight  differences  in  the  sample  of 
subjects. 

We  have  taken  here  into  account  an  index  that  corresponds  to  the 
number  of  reinforcement  in  the  matrix  D  :  the  number  of  sequences 
differing  from  the  two  previous  ones  (NSD2  ).  It  gives,  in  fact,  the  real 

performance  of  subjeas  with  D  and  it  allows  to  assess  their  adaptation  to 
the  variability  requirements.  During  the  second  session,  we  observe  a 
significant  increase  of  NSD2  for  all  the  age  groups,  but  the  percentages 

of  reinforcement  (NSD2  x  2)  do  not  reach  those  obtained  with  the  matrix 

N  (%  CS)  in  first  session  (32%  <  81.5%  for  the  5-6  y.o.;  50.86%  <  88 
%  for  the  9-10  y.o.;  77.5%  <  95.62%  for  the  14-15  y.o.  and  75.46%  < 
91.57%  for  the  18-24  y.o.).  The  youngests  have  more  difficulties  to 
adapt  themselves  to  the  task  in  D.  They  are  able  to  raise  their  variability 
but  they  do  not  reach  a  good  performance.  Two  hypothesis  can  be 
propos^  to  explain  this  low  performance  :  -  either,  they  have  not 
perceived  the  modification  of  contingencies  and  the  increase  of 
variability  is  only  a  by-product  of  the  intermitence  of  reinforcement. 
Either  they  have  perceiv^  the  modification  of  contingencies  but  they  do 
not  sufficiently  master  the  functioning  rules  of  the  matrix  task  (notably 
the  visual  informations)  to  systematically  vary  their  sequences.  Results 
of  an  experiment  carried  out  by  BOULANGER  (1986)  lead  us  to  reject 
the  first  hypothesis  (we  shall  come  back  to  this  experiment 
subsequently)  but  present  data  are  not  enough  to  support 
the  second  one.  After  3  sessions,  each  subject  had  been  asked  what  he 
had  done  to  succeed  in  the  task  and  which  functioning  rules  he  had 
discovered  in  each  session;  however,  most  often,  subjects  confounded 
the  3  sessions  or  they  did  not  recall  what  they  had  done  in  the  first  or 
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Fig.  1.  3.  For  each  index,  mean  values  as  a  function  of  session 
and  for  each  age  group,  in  the  group  NDN 
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second  session.  So,  the  responses  obtained  were  unusable.  (In  other 
respects,  to  question  the  subjects  after  each  session,  was  likely  to 
influence  the  subjects  behaviors  in  the  ulterior  sessions.  It  would  be 
interesting  to  make  a  specific  experiment  in  which  the  experimenter 
would  observe  and  interact  with  each  subject  in  order  to  gather 
informations  about  the  subject's  mastery  of  functioning  rules). 
Adolescents  have  approximatively  the  same  performance  as  adults  and, 
they  all  show  a  good  adaptation  to  the  requirement  of  variability.  Except 
for  the  5-6  y.o.,  NSD2  is  higher  in  the  third  than  in  the  first  session, 

suggesting  that  these  subjects  were  influenced  by  their  earlier  behavior  in 
D.  No  inter-age  groups  difference  does  subsist  here.  Realization  times 
are  not  significantly  decreased  during  the  second  session,  but  they  are 
during  the  last  session.  Times  of  latency  are  longer  in  D  than  in  N  for  the 
5-6  y.o. 

-  Variability  : 

Matrix  D  leads  to  a  significant  increase  of  general  variability  (IKS'!' 
This  increase  is  due  to  the  increase  of  the  variability  of  correct  sequences 
(U(CS),  NCS)  for  all  age  groups.  TTie  variability  of  incorrect  sequences 
stays  nearly  stable  except  for  adults.  The  5-6  y.o.  have  a  higher  U(IS) 
than  adults  and  adolescents  and,  like  the  9-10  y.o.,  they  produce  more 
different  incorrect  sequences  than  other  subjects.  In  each  session, 
variability  increases  as  a  function  of  age.  The  5-6  y.o.  are  more 
stereotype.  Behaviors  of  adolescents  and  of  adults  are  comparable  from 
this  point  of  view.  The  matrix  D  influences  the  subsequent  behaviors  of 
adults  and  adolescents.  As  mentioned  above,  their  NSD2  is  higher  in  the 

third  than  in  the  first  session.  They  also  produce  more  different  correct 
sequences.  U(S)  and  U(CS)  are  higher  (significant  only  for  adults). 

-  Experimental  group  DRN 

Figure  1.4.  (p.  125)  presents,  for  each  index,  mean  values  as  a 
function  of  session  for  each  age  group,  in  the  group  DRN. 

-  Performance  : 

-  Matrix  D  :  The  %  CS  are  similar,  for  all  the  age  groups,  to  those 
obtained  during  the  first  session  in  the  experimental  group  NNN. 
The  number  of  reinforcements  (NSD2)  increases  as  a  function  of  age, 

with  adolescents  and  adults  reaching  comparable  levels  of  performance. 
The  performance  of  the  9-10  y.o.  is  closer  to  the  performance  of  the 
older  subjects  in  D  in  first  session  than  in  D  in  second  session 
(Experimental  group  NDN).  For  the  youngests,  the  same  comments  as 
for  D  in  NDN  can  be  made  (difficulties  to  meet  the  requirements  of  the 
task). 

-  Matrix  R  :  Except  for  the  5-6  y.o.,  whose  %  CS  stays  stable,  there  is  a 
decrease  of  this  index  in  R  (significant  only  for  9-10  y.o.  and  adults). 
The  9- 10  y.o.  again  seem  to  be  the  most  disrupted  by  the  incoherence  of 
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visual  cues  (see  NRN).  They  obtain  fewer  reinforcements  than  the  5-6 
y.o.  (but  not  significantly). 

-  Matrix  N  :  The  %  CS  is  significantly  increased  in  all  the  age  groups. 
These  percentages  are  higher  than  those  observed  during  the  fost  session 
(no  significant  for  adults)  and  are  similar  to  those  of  the  third  session  in 
NNN.  In  D,  realization  times  are  reduced  as  a  function  of  age,  with  the 
last  two  age  groups  reacting  in  the  same  way.  The  5-6  y.o.  complete  the 
sequences  more  quickly  during  the  second  session.  Their  MTR  is 
comparable  to  the  one  of  the  9-10  y.o.  The  adolescents  and  adults  do  not 
behave  very  differently  from  each  other,  but  adolescents  have  a  slight 
tendency  to  be  more  rapid.  In  N,  realization  times  are  decreased  for  all 
the  age  groups.  This  index  stays  at  a  quite  high  level  for  adults,  in 
comparison  with  the  values  it  reaches  during  the  third  sessions  of  other 
experimental  groups  (significantly  different  from  adolescents'  MTR). 
Times  of  latency  are  generally  higher  for  the  first  two  age  groups. 

-  Varu^UiCr'  ■ 

-  Matrix  D  :  The  5-6  y.o.  are  the  most  stereotyped  and  the  general 
variability  can  as  well  be  explained  by  the  variability  of  incorrect 
sequences  as  by  the  variability  of  correct  sequences.  Looking  at  the 
number  of  reinforcements  (NSD2)  that  they  receive,  we  may  assume 

that  their  behavioral  variability  is  less  structured  (adapted  to  the 
contingencies  of  D)  than  in  older  subjects.  Adolescents  and  adults  are  the 
most  variable.  The  9-10  y.o.  behave  in  the  same  way,  though  they  have 
a  superior  U  (IS).  The  global  variability  of  these  three  age  groups  is  due, 
for  the  largest  part,  to  the  variability  of  correct  sequences. 

-  Matrix  R  ;  Global  variability  decreases  in  R  among  adolescents 
and  adults  (increase  of  %  DS  and  decrease  of  U(S),  U(CS),  NSD2, 

NCS).  The  14-15  y.o.  become  the  most  stereotyped  and  adults  keep  a 
higher  level  of  variability  of  incorrect  sequences.  The  5-6  y.o.  and  9-10 
y.o.  stay  at  a  higher  level  of  variability  (U(S))  than  the  older  subjects 
(significant  only  for  the  9-10  y.o.),  even  if  their  %  DS  also  increase. 
The  variability  of  incorrect  sequences  is  particularly  noticeable  among 
the  9-lOy.o.  and  it  goes  in  the  same  sense  as  their  bad  performance  in  R. 

-  Matrix  N  :  For  the  last  two  age  groups,  the  belter  performance  is 
parallell  with  an  increase  in  the  variability  of  correct  sequences.  The  5-6 
y.o.  become  more  stereotyped  (similar  level  as  in  the  third  session  in 
NNN)  and  the  9-10  y.o.  keep  a  high  level  of  global  variability.  The 
U(IS)  of  these  2  groups  decrease  while  their  performance  improves, 
but  it  stays  significantly  higher  than  in  the  last  two  age  groups. 

Experimental  group  RDN 

Figure  1.5.  (p.l27)  presents,  for  each  index,  mean  values  as  a 
session,  for  each  age  group,  in  the  group  RDN. 

-  Performance  : 

-  Matrix  R  :  The  5-6  y.o.  subjects  do  not  seem  to  be  influenced  by  the 
incoherence  of  visual  cues  in  the  first  session  (%  CS).  They  behave  in 
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the  same  way  as  with  N  or  D  in  the  first  session,  and  they  even  obtain 
the  highest  %  CS.  The  most  disrupted  arc  again  the  9-10  y.o.,  with  the 
lowest  %  CS  The  last  two  age  groups  also  reach  lower  levels  of 
perfotroancc,  in  comparison  with  the  other  experimental  groups. 

-  Matrix  D  ;  The  youngests  keep  a  %  CS  similar  to  the  one  of  the  first 
session.  Among  other  subjects,  the  %  CS  increases  greatly  (significantly 
superior  to  this  of  the  5-6  y.o.).  Percentages  of  reinforcement  (NSD2) 

significantly  rise  in  D  except  for  the  5-6  y.o.  The  adaptation  to  the 
requirement  of  variability  shows  a  tendency  to  increase  with  age.  But 
this  adaptation  to  matrix  D  does  not  seem  as  good  here  as  in  the  other 
experimental  groups  including  D. 

-  Matrix  N  :  During  the  third  session,  the  5-6  y.o.  stay  at  the  same 
level  of  %  CS  as  during  the  first  session.  The  others  reach  higher  levels 
of  reinforcement  (>  90%  CS),  like  in  NNN  (significantly  superior  to 
this  of  the  5-6  y.o.).  Times  of  realization  and  of  latency  decrease,  for  all 
age  groups,  from  the  first  to  the  last  session.  The  5-6  y.o.  are  always  the 
slowest  (significant  only  for  the  sessions  2  and  3)  and  the  14-15  y.o. 
are  the  fastest.  Adults  get  the  same  levels  as  those  obtained  by  the  14-15 
y.o.  in  the  third  session. 

-  Variahilirv  ; 

-  Matrix  R  :  For  all  subjects,  the  variability  of  incorrect  sequences 
(NIS,  U(IS))  is  higher  than  the  variability  of  correct  sequences  (NCS, 
U(CS)).  The  9-10  y.o.  are  significantly  the  most  variable,  with  regard  to 
correct  and  incorrect  sequences.  The  5-6  y.o.  and  adults  are  the  most 
stereotyped.  Parallel  to  their  good  performance  (the  best  of  all  the  age 
groups),  the  youngests  show  Ae  lowest  variability  of  errors  (significant 
for  U(IS)  and  NIS). 

-  Matrix  D  ;  The  variability  of  the  5-6  y.o.  stays  nearly  stable,  as  well 
for  dominant  sequence  as  for  incorrect  sequences.  They  produce  more 
often  their  dominant  sequence  and  they  are  significantly  more 
stereotyped  than  the  other  subject,  with  regard  to  their  correct  sequences. 
The  9-10  y.o.  do  not  change  their  variability  of  correct  sequences,  but 
strongly  reduce  that  of  incorrect  sequences.  This  last  point  can  explain 
why  they  become  globally  less  variable  than  in  R.  The  sequences 
uncertainty  of  the  last  two  age  groups  increase  (significantly  for  adults). 
This  increase  is  accounted  for  by  the  increase  of  the  correct  s^uences 
variability,  since  the  incorrect  sequences  variability  significantly 
decreases  among  these  two  group. 

-  Matrix  N ;  In  each  age  group,  global  variability  and,  particularly,  the 
variability  of  incorrect  sequences  is  lower  during  the  third  session.  The 
uncertainty  of  correct  sequences  is  lower  in  N  than  in  D,  for  all 
subjects,  and  it  is  a  slightly  lower  than  in  R,  for  the  first  two  age  groups. 
It  is  higher  than  in  R  for  adolescents  and  adults.  The  5-6  y.o.  are  the 
most  stereotyped  with  regard  to  their  correct  sequences  and  the  most 
variable  with  regard  to  their  errors  (significant  for  the  following  cues : 
U(IS),  NIS,  U(CS)). 


/ 


128 


4.3. 1.2. 


Comparison  of  the  Naive  subjects'  Behaviors  as  a  function  of  Matrix 
Type  and  of  Age: 


The  results  obtained  with  the  matrixes  N,  R  and  D  in  first  session 
were  compared  in  order  to  study  the  spontaneous  behaviors  of  naive 
subjects  confronted  with  each  type  of  matrix.  In  each  age  group,  the 
results  of  subjects  who  had  received  N  in  the  first  session  (subjects 
from  experimental  groups  HNN,  HRN  and  were  put  together  in 
order  to  compare  their  results  with  those  of  subjects  who  had  received 
R  or  D  in  first  session  (subjects  from  experimental  groups  RDN  and 
QRN).  The  general  profile  of  results  with  N  will  be  refered  to  in  first 
session  as  "global  N"  (GN). 

For  each  index,  means  for  each  age-group  and  for  each  presentation 
order  of  matrix  type  can  be  found  in  Appendix  1,  tables  1.12  to  1.21, 

pp  22-26. 

Figure  1.6  (p  130)  presents  mean  values  of  performance  and 
variability  indexes  for  each  age  group  and  each  matrix  type,  in  the  first 
session. 

For  each  index,  Two-Way  ANOVA  (age  X  matrix  type)  in  the  first 
session  (see  Tables  1.43  and  1.44  in  Appendix  1,  pp  48-49)  was 
completed:  on  one  hand,  by  One-WayANOVA  (age\  and 
Newman-Keuls  tests  for  each  matrix  type  (in  first  session)  (see 
Tables  1J3  to  1.62  in  Appendix  1,  pp  58-67)  and  on  the  other 
hand,  by  One-Way  ANOVA  (matrix  type)  and  Newman-Keuls  tests 
for  5-6  y.o.  or  Kruskal-W allis  (matrix  type)  (X^ )  and 
Mann-Whitney  tests  (U)  for  9-10  y.o.,  14-15  y.o.  and  adults  (see 
Tables  1.45  and  1.46  in  Appendix  1,  pp  50-51).  These  last  2 
non-parametric  tests  ("X^"  and  "U")  were  used  when  variances 
were  not  homogeneous  and  when  sizes  of  compared  group  were 
too  different. 

Table  1.2  (p.  132)  presents  the  DS  distribution  for  each  matrix  type 
and  for  each  age-group. 

-  Adults : 

Results  show  that  adults  are  very  sensitive  to  environmental  factors 
and  to  particular  contingencies  of  reinforcement : 

-  their  percentage  of  correct  sequences  is  significantly  lower  in  R  than 
in  N  or  in  D.  In  the  same  way,  variability  of  incorrect  sequences 
(U(IS)  and  NIS)  is  higher  with  R  than  with  the  two  other 
matrixes. This  suggest  that  adulis’behavior  is  disturbed  by  the 
incoherence  (random  displacement)  of  light  cues. 

-  they  are  able  to  adopt  more  variable  behaviors,  when  contingencies 
of  reinforcement  require  it :  the  %  DS  is  significantly  lower  in  D  and 
the  variability  of  correct  sequences  (U  (CS)  and  NCS)  is  significantly 
higher  in  D  than  in  N  or  in  R.  They  grasp  the  requirement  of  variability 
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(NSD2  is  the  highest  in  D)  even  if  they  do  not  receive  as  many 
reinforcements  as  in  N  or  in  R. 

-  it  is  the  task  in  N  that  takes  the  lowest  time  (as  well  for  MTR  as  for 
MTL).  MTL  are  similar  for  R  and  D,  but  MTR  is  higher  with  R. 

-  dominant  sequence  types  are  differently  distributed  according  to 
matrix  type.  The  differences  can  be  attribute  to  the  effects  of  R  :  with 
this  matrix,  most  subjects  (73.7  %)  prefer  diagonal  sequences  as 
DS.while  in  N  and  in  D,  they  prefer  comer  sequences  (72.1  %  and  60 
%  of  the  subjects,  respectively).  These  results  suggest  that  when  no 
visual  cues  are  made  available  to  subjects,  they  adopt  a  "motor 
strategy",  such  as  simple  altemance  of  pushes  on  two  buttons.  When 
the  visual  cues  are  made  available,  adults  prefer  to  use  visual 
information,  following  the  course  of  the  moneybag  on  the  matrix. 

In  D,  adults  have  a  slight  tendency  to  choose  more  often  other 
sequences  as  DS  (20  %  of  the  individuals)  than  in  N  (13.1  %).  This  is 
probably  an  effea  of  the  variability  requiremenL 
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-  5»t?i,g£lS  : 

As  a  rule,  adolescents  behave  in  much  the  same  way  as  adults.  The 
number  and  the  variability  of  incorrect  sequences  are  higher  in  R,  and 
the  variability  of  correct  sequences  (U(CS),  NCS  and  NSD2)  is  higher 

in  D  (they  obtain  71 .7  %  of  reinforcements  as  the  adults) 

-  though  there  is  no  significant  difference  between  adults  and 
adolescents,  the  latters’  tend  to  be  more  disturbed  by  the  incoherence  of 
light  cues  (in  R,  they  receive  65.6  %  of  reinforcements  while  the  adults 
receive  75.7  %  of  reinforcements). 

-  MTR  is  higher  with  R  than  in  D  or  N. 

-  as  for  adults,  the  DS  distribution  differ  according  to  matrix  type.  In 
N  and  in  R,  we  observe  the  same  DS  distributions  as  for  adults. 
However,  in  D,  61.9  %  of  the  adolescents  (against  20  %  of  the  adults) 
prefer  to  produce  other  sequences  than  comer  or  diagonal  sequences. 

-  9-10 v.o.  subjects: 

-  As  for  the  older  subjects,  the  number  and  the  variability  of  incorrect 
sequences  are  significandy  higher  in  R  and  the  variability  of  correct 
sequences  is  higher  in  D.  Moreover,  the  variability  of  incorrect 
sequences  is  significantly  more  important  in  D  than  in  N  and  the 
variability  of  correct  sequences  is  significantly  more  important  in  R  than 
in  N.  This  can  explain  why  there  is  no  difference  between  R  and  D  with 
regard  to  global  variability.  These  effects  can  be  explained  by  the 
subjects'  difficulty  to  adapt  themselves  to  the  particular  constraints  of 
these  matrices  :  in  D,  they  emit  more  erroneous  sequences  and  they  are 
less  variable  than  older  subjects  (62  %  of  reinforcement  against  71.7 
%v  for  the  adults  and  adolescents)  and  they  are  much  more  disturbed  by 
the  random  displacement  of  light  cues  (in  R,  51.5  %  of  reinforcement 
against  75.7  %  for  adults  and  65.6  %  for  adolescents). 

-  MTR  and  MTL  are  lower  in  N  than  in  R  or  D.  In  D,  these  subjects 
are  significantly  slower  than  older  and  they  also  complete  the  sequences 
more  slowly  than  older  subjects  in  N.  No  ifference  between  age  ^ups 
in  R  is  noted  as  this  matrix  takes  more  time  to  be  solved  by  all  subjects. 

-  in  N  and  D,  the  DS  distribution  is  approximately  the  same  as  for 
older  subjects  (no  significant  difference).  However,  parallel  to  their  bad 
performance  in  R,  there  is  a  higher  percentage  of  subjects  who  emit 
erroneous  sequences  as  DS  (23.5  %)  than  among  adults  or  adolescents 
(9.5  %) . 

-  5-6  v.o.  subjects ; 

-  the  5-6  y.o.  are  not  very  disturbed  by  the  incoherence  of  the  visual 
cues  in  R.  The  %  CS  is  similar  in  N  (77.08  %)  and  in  R  (78.3  %).  They 
are  the  best  performers  with  the  matrix  R  and  they  tend  to  be  the  most 
stereotyped.  This  lower  behavioral  variability  in  R  can  account  for  their 
better  performance. 

-  the  5-6  y.o.  have  the  greatest  difficulties  to  adopt  more  variable 
behaviors  when  contingencies  require  it :  their  percentages  of  correct 
sequences  (76.9%)  and  of  reinforcements  (34.46  %)  are  significantly 
lower  than  those  of  other  subjects  (even  if  they  show  themselves  more 
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variable  in  D  than  in  N). 

-  in  N,  they  also  tend  to  be  more  stereotyped  than  other  subjects 
(however.difference  between  age-group  is  not  significant).  In  fact,  these 
young  children  adopt  quite  constant  behaviors,  independently  of  the 
particular  conditions  to  which  they  arc  submitted. 

-  MTR  and  MTL  are  similar  for  the  three  matrices  and  the  subjects  are 
always  slower  than  the  other  ones. 

-  except  in  R,  where  the  majority  of  subjects  of  all  age  groups  emit 
diagonal  sequences  as  DS,  the  5-6  y.o.  also  differ  from  other  subjects 
with  regard  to  their  choice  of  DS  in  N  and  D  ;  they  always  emit  more 
diagon^  DS.  This  observation  concords  with  the  remark  made  above 
about  the  constancy  of  their  behaviors  in  all  situations.  The  motor 
strategy  that  these  children  adopt  most  often  allows  them  to  by  pass 
difficulties,  even  though  they  do  not  master  the  functioning  rules  of  each 
matrix  type...  However,  in  some  case  -  as  in  D  -  it  does  not  help  them 
because  of  the  few  possibilities  for  reinforcement  it  offers. 

4. 3. 1.3.  Effects  of  Pre-training  on  Behavioral  Variability 

-  The  term  "pre-training"  is  used  here,  not  to  designate  the  preliminary 
phasis  of  training  proper.  It  refers  to  the  initial  session  or  to  the 
previous  sessions  to  which  subjects  have  been  exposed.  For  example, 
"pre-training  in  N"  means  that  a  session  in  a  given  condition  (N,  R  or  D) 
is  considered  as  a  function  of  the  N  condition  prevailing  in  the  previous 
session(s). 

-  Let  it  reminded  that,  for  each  index,  means  as  a  function  of  age  and 
of  presentation  order  of  matrix  types  can  be  found  in  Appendix  1,  Tables 
1.12  to  1.21,  pp  22-26. 

-  Effect  of  pre-training  in  N  on  behavior  in  N.  D  and  R  : 

Results  obtained  with  the  matrices  N,  D  and  R,  by  the  pre-trained 
subjects  in  N,  were  compared.  In  each  age  group,  the  second  sessions 
of  the  experimental  groups  NliN,  NB.N  and  ND.N  were  taken  into 
account. 

Figure  1.7  (p.  135)  presents  the  mean  values  of  performance 
and  variability  indices  according  to  age  and  to  matrix  types,  in  the 
second  session  (after  pre  training  in  N). 

For  each  index,  Two-Way  AN OVA  (age  X  matrix  type)  in  the 
second  session  (see  Tables  1.43  and  1.44  in  Appendix  1,  pp  48-49) 
was  completed  :  on  the  one  hand,  by  One  Way  ANOVA  (agel  and 
Newman-Keuls  tests  for  each  matrix  type  in  second  session  (see 
Tables  153  to  1.62,  in  Appendix  1,  pp  55-67)  and,  on  the  other 
hand,  by  One  Way  ANOVA  (matrix  type)  and  Newman-Keuls  tests 
for  each  group,  in  the  second  session  (see  Tables  1.47  and  1.48  in 
Appendix  1,  pp  52-53). 

For  adults  and  adolescents,  differences  observed  between  matrices 
N,  R  and  D  in  second  session  are  similar  to  those  observed  in  the  first 
session. 
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Fig.  1 .  7.  For  each  index,  mean  values  as  a  function  of  age 
and  of  matrix  type,  in  the  second  session,  with  the 
first  session  being  N  in  all  cases  Qower  case  letters 
are  used  as  symbols  for  first  session  condition, 
capital  letters  for  second  session  condition) 
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The  behaviors  of  subjects  pretrained  in  N  are  not  significantly 
different  from  those  of  naive  ones. 

The  significant  differences  observed  for  naive  9-10  y.o.  subjects 
between  matrices  N  and  R  with  regard  to  variability  of  correct  sequences 
(higher  in  R  than  in  N)  and  between  matrices  N  and  D  with  regard  to 
variability  of  incorrect  sequences  (higher  in  D  than  in  N),  diminish  and 
are  not  significant  for  pretrained  subjects. 

While  for  the  naive  5-6  y.o.  subjects,  no  significant  difference  was 
found  between  matrices  N  and  R  and  between  matrices  R  and  D,  for  the 
pretrained  subjects,  the  %  CS  is  significantly  lower  in  R  than  in  N  or  in 
D,  and  the  variability  of  incorrect  sequences  is  significantly  higher  in  R 
than  in  N  or  in  D. 

For  each  matrix  type  and  for  each  age  group,  comparison  between 
pretrzuned  subjects  (Figure  1.7,  p.  135)  and  naive  subjects  (Figure  1.6., 
p.  130)  enables  to  note  the  following  tendencies  (for  example,  in  each 
age  group,  the  second  session  of  the  group  NRN  is  compared  to  the  first 
session  of  the  group  EDN) : 

For  adults  and  adolescents,  pre-training  slightly  increases  the 
performance  and  the  stereotypy  in  N.  It  does  not  modify  these  subjects' 
capacity  to  be  more  variable  when  contingencies  require  it  and  it  tends 
even  to  faciUute  the  performance  of  adolescents  in  R  (they  receive  14.5 
%  more  reinforcements  than  naive  subjects). 

A  similar  facilitation  effect  of  pre-training  in  N  on  the  performance  in 
R,  is  found  with  the  9-10  y.o.  (pretrained  subjects  obtain  16.05  %  more 
reinforcements  than  naive  ones).  In  parallel,  the  stereotypy  is  slightly 
higher  in  N  and  in  R  for  pretrained  subjects.  However,  for  the  9-10  y.o. 
subjects,  habituation  to  the  task  interfer  with  the  capacity  to  adapt  to  the 
variability  requirement  in  D  (pretrained  subjects  obtain  12.12%  of 
reinforcements  less  than  naive  ones,  even  though  their  %  CS  is  2.15  % 
higher  than  in  naive  subjects). 

Tliese  pre-training  effects  influence  the  way  in  which  the  9-10  y.o. 
differentiate  themselves  from  other  age  groups  subjects. 

While  in  the  first  session,  the  9-10  y.o.  performance  was 
significantly  inferior  and  while  they  were  more  variable  in  R  as 
compared  to  other  subjects,  they  do  not  behave  differently  from  others 
with  R  in  the  second  session.  The  reverse  phenomenon  is  observed  with 
the  matrix  D. 

(Contrary  to  older  subjects,  pretraining  in  N  has  a  disturbing  effect  on 
the  youngest  children  behavior  in  R.  The  pierformance  of  pretrained 
subjects  is  inferior  to  that  of  naive  ones  (%  CS  :  -19.7  %)  and  they  are 
also  more  variable.  Thus,  in  second  session,  5-6  y.o.  subjects  become 
significantly  less  good  performers  than  other  subjects,  while  being  the 
best  performers  and  the  most  stereotyped  in  R  when  it  is  the  first 
session. 


136 


As  for  the  9-10  y.o.,  the  pretraining  reduces  their  variability  in  D. 
However,  it  must  be  noted  that  this  lower  variability  in  pretrained 
subjects  is  mainly  due  to  the  elimination  of  incorrect  sequences.  This 
indicates  that  the  lower  variability  of  the  younger  subjects  compared  to 
the  older  may  be  explained  by  a  difficulty  to  master  the  task  and  its 
constraint. 

-  Effect  of  pre-training  in  D  (versus  N)orR  (versus  N)  on  subsequent 
behavior  in  R  or  D  : 

In  each  age  group,  the  second  sessions  of  the  experimental  groups 
NRN  and  DRN  (N]2N  and  RJQN)  were  taken  into  account.  Figure  1.8 
(p.  138)  presents  mean  values  of  each  index  in  R  and  D  (second  session) 
as  a  function  of  age  and  of  pretraining  type. 

No  matter  which  age  group  is  considered,  the  type  of  pretraining 
(with  D  (versus  N)or  with  R  (versus  N))  has  no  significant  effect  on  the 
behaviors  observed  in  R  or  in  D  in  the  second  session.  However,  we 
can  note  the  following  tendencies : 

Concerning  the  behaviors  in  R  : 

-  For  adults  and  adolescents,  the  pre-training  with  the  matrix  D  seems 
to  have  a  stronger  facilitation  effect  than  with  N,  on  the  performance 
in  R.  It  also  leads  to  a  higher  stereotypy  in  R.  Such  an  effect  seems 
likely  to  be  related  to  the  good  performance  in  R  (as  we  have  seen  in 
the  other  analysis  including  R).  It  seems  unlikely  that  such  an  effect 
can  be  attributed  to  the  matrix  D  itself.  So,  pre-training  in  D  would 
help  the  subjects  in  finding  more  easily  a  satisfying  solution  in  R. 

-  For  the  9- 10  y.o.,  the  facilitation  effect  of  the  pre-training  in  D  is  less 
marked  than  the  one  of  the  pre-training  in  N.  Like  naive  subjects  of 
this  age  group,  the  9-10  y.o.  pre-trained  with  D,  are  less  good 
performers  and  most  variable  in  R  than  others  subjects,  while  there  is 
no  difference  between  the  9-10  y.o.  pre-trained  with  N  and  other 
subjects.  It  seems  that  the  request  of  variability  during  the  first 
session,  does  not  help  the  9-10  y.o.  to  find  a  good  solution  in  R. 

-  For  the  5-6  y.o.,  the  disturbing  effect  of  pre-training  in  D  is  less 
important  than  the  one  obtained  with  pre-training  in  N.  Subjects  with 
D  in  the  first  session  behave  in  a  similar  manner  as  naive  subjects  in 
R.  This  is  probably  due  to  the  fact  that  when  matrices  are  more 
different  from  each  other  (it  is  the  case  between  D  and  R),  the 
youngest  subjects’  behaviors  are  less  influenced  by  their  previous 
behavior. 

Concerning  the  behaviors  in  D  : 

-  Compared  with  the  pre-training  in  N,  the  pre-training  in  R  leads  to  a 
slightly  lower  variability  in  D,  for  adults  and  adolescents  (but  the 
differences  betwecen  naive  and  pre-trained  subjects  are  very  small). 

-  For  the  9-10  y.o.,  the  number  and  the  variability  of  incorrect 
sequences  in  D  are  higher  after  the  pre-training  with  R  than  after  N, 
but  the  two  types  of  pre-training  effects  are  not  different  with  regard 
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to  the  variability  of  correct  sequences  GJ(CS)  and  to  the  performance 
(NSD2)  in  D. 

-  The  same  phenomenon  is  observed  among  the  5-6  y.o. 

-  For  these  last  two  age  groups,  the  higher  number  of  incorrect 
sequences  after  R,  as  compared  to  the  number  after  N,  probably 
reflects  their  addidonal  trials  and  errors  to  establish  the  new  relations 
between  their  pushes  and  the  displacements  of  the  bag. 

-  Effects  of  five  different  pre-trainings  on  the  behaviors  in  N  : 

In  each  age  group,  the  last  sessions  (N)  of  the  five  experimental 
groups  were  compared. 

Figure  1.9  (p.  140)  presents  mean  values  of  each  index  in  N  (third 
session)  as  a  function  of  age  and  of  pre-training  type. 


For  each  index,  Two-Way  ANOVA  (age  X  pre-training)  in  the  third 
session  (see  Tables  1.49  and  150  in  Appendix  1,  pp  54-55)  was 
completed:  on  one  hand  by  one-way  ANOVA  (age)  and 
Newman-Keuls  tests  in  the  third  session  of  each  experimental  group 
(see  Tables  153  to  1.62  in  Appendix  1,  pp  58-67)  and,  in  the  other 
hand,  by  One-Way  ANOVA  (pretraining)  and  Newman-Keuls  tests 
for  each  age  group,  in  the  bird  session  (see  Tables  151  and  152  in 
Appendix  I,  pp  56-57).  These  statistical  analysis  concern  only  in  the 
last  sessions  (N)  of  the  5  experimental  groups. 

The  statistical  analysis  docs  not  reveal  any  significant  effect  of  the 
type  of  pre-training  (NN,  NR,  ND,  DR,  RD)  with  regard  to  the 
performance  and  to  the  variability  of  incorrect  sequences,  during  the 
last  session.  Only  the  effect  of  age  is  significant  :  in  all  the 
experimental  groups,  the  5-6  y.o.  have  the  lowest  performance. 

Generally,  the  first  hundred  trials  mainly  influence  the  correct 
sequences  variability. 

-  Adults,  adolescents  and  9-10  y.o.  who  have  been  submitted  to  the 
matrix  D  during  pre-training,  show  more  variable  behavior  in  N  in  the 
last  session.  At  least  two  hypothesis  can  be  suggested  :  first,  some 
subjects  having  understood  that  several  correct  sequences  can  be  used, 
may  vary  during  the  last  session  so  as  to  interrupt  the  task  monotony 
(but  if  it  were  the  case,  subjects  in  the  group  NNN;  would  be  expected 
to  have  adopted  the  same  behavior  in  the  third  session);  secondly,  it  is 
quite  possible  that  the  higher  variability  appears  in  the  beginning  of  the 
last  session  only,  before  the  subjects  notice  the  modification  of 
contingencies  i.e.  to  return  to  N  condition.  The  pre-training  which  leads 
to  the  most  variable  behaviors  in  N  is  ND,  followed  by  WD,  for  adults 
and  adolescents.  For  the  9-10  y.o.,  it  is  DR  followed  by  RD.  The 
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Fig  1 .  9.  For  each  index,  mean  values  in  N  (third  session), 
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pre-trainings  which  lead  to  the  most  stereotyped  behaviors  during  the 
last  session  arc  NN  and  NR. 

-  For  the  5-6  y.o.,  the  behaviors  in  N  are  not  modified  by  a  particular 
type  of  pre-training.  They  are  the  most  stereotyped  in  all  the 
experimental  groups.  Except  the  last  session  of  the  experimental  group 
DRN,  in  which  the  9-10  y.o.  are  the  most  variable,  adults  and 
adolescents  are  the  most  variable  during  the  last  sessions.  However,  no 
significant  differences  between  age  groups  for  the  experimental  groups 
NNN  and  NRN  are  noted. 

4. 3. 1.4.  Intra-sequence  organization  :  Conditional  Uncertainty  of  each  response, 
as  a  function  of  age  and  of  matrix  tvne  : 

In  order  to  estimate  the  organization  of  behavior  of  subjects  of  each 
age  group  when  they  are  faced  with  each  matrix  type,  an  other  index  has 
been  computed  :  the  Conditional  Uncertainty  of  each  reponse  within  the 
sequence  (U  (R/s)).  This  "intra-sequence”  analysis  enables  to  estimate 
the  way  the  subjects  regulate  each  of  their  responses  as  a  function  of  the 
previous  responses,  in  order  to  produce  correct  sequences  (6  responses 
with  3  responses  on  each  response  button). 

The  conditional  uncertainty  of  one  response  2L  is  an  estimate  of  the 
possibility  to  predict  2L  according  to  the  2l1  responses  (pre-sequence  s) 
already  produced  within  a  sequence  : 


2  k 

U(Rj/s)  =  -  Z  Z  pi  p(R/sj)  log2  pfR/sj), 
i=l  j=l 


with  :  -  pi  =  the  probability  of  the  response  i  (Rj) 

-  p  (Rj/sj)  =  the  conditional  probability  of  Rj,  according  to  the 
pre- sequence  sj 

-  k  =  the  number  of  possible  different  pre-sequences  i-1 

For  the  first  response,  simple  uncertainty  U(R1),  (not  Conditional 
Uncertainty)  is  computed  because,  in  this  case,  there  is  no  pre-sequence. 

The  U(R1)  and  U(R/s)  which  are  presented  in  Appendix  1  (Table 
1.22  p  27),  are  means  computed  on  the  set  of  subjects’  results  for  each 
age  and  each  matrix  type,  in  the  first  session. 

Responses  of  correct  and  incorrect  sequences  arc  taken  into  account. 

During  the  first  session,  for  each  matrix  type  (GN,  R  and  D)  and  for 
each  age  group,  a  decrease  of  the  conditional  uncertainty  of  the 
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each  age  group,  a  decrease  of  the  conditional  uncertainty  of  the 
responses  U(Rys),  from  the  first  to  the  sixth  response  is  observed  (see 
Figure  1.10,  p.  142). 
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Fig. 1.10.  Mean  values  of  U(R1)  and  U(R/S)  as  a  function  of 
age  and  of  matrix  type,  in  the  first  session 


It  seems  possible  to  distribute  the  six  responses  into  two  "units". 
Within  the  first  "unit",  grouping  the  first  three  responses,  subjects  can 
push  on  any  of  the  2  response-buttons  without  taking  into  account  the 
previous  responses.  On  and  after  the  fourth  response,  subjects  have  to 
take  into  account  their  previous  responses  to  be  sure  of  success.  These 
last  three  responses  constitute  the  second  "unit".  The  first  "unit"  can  be 
considered  as  the  element  of  variation  of  the  sequence;  the  second  unit, 
can  be  viewed  as  the  element  of  regulation  of  the  sequence  (to  complete 
a  correct  sequence).  U(R^s)  is  never  equal  to  zero,  because  there  are 
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always,  at  least,  some  incorrect  sequences. 

The  form  of  the  curves  and  the  differences  between  age  groups  vary 
as  a  function  of  matrix  type.  Globally,  U  (R/s)  analysis  confirms  the 
features  already  described. 

For  the  matrix  N  and  for  the  age  groups,  U(R1)  is  never  maximum 
and  U(R/s)  decreases  rapidly,  to  tend  to  zero  with  the  last  response. 
U(R/s)  is  always  highest  in  5-6  y.o.  for  the  last  three  responses 
(elements  of  regulation),  parallel  to  their  highest  level  of  incorrect 
sequences. 

U(R1),  U(R2/s)  and  UCRys)  are  similar  in  N  and  in  R  for  adults,  but 

these  subjects  keep  more  variable  behaviors  in  R  for  the  last  three 
responses  (more  incorrect  responses.)  The  reverse  phenomenon  is 
U(R1)  is  near  the  maximum  and  U(R/s)  decreases  more  slowly  with 
regards  to  the  first  3  responses.  Then  it  decreases  more  rapidly  to  reach 
the  same  U(R5/s)  as  in  R  and  the  same  U(R^s)  as  in  N.  The  thstinction 

between  the  two  sequence  units  appears,  thus,  very  clearly  :  subjects 
especially  vary  at  the  beginning  of  ^e  sequence,  but  are  able  to  adjust 
their  responses  in  the  second  sequence  unit  to  produce  correct 
sequences. 

Adolescents'  behavior  is  not  fundamentally  different  from  the  adults' 
one  (they  arc  just  a  little  more  variable  in  R). 

The  9-10  y.o.  are,  on  the  contrary,  as  variable  in  R  as  in  D  up  to  R4 

They  keep  high  levels  of  U(R/s)  for  the  last  two  responses,  showing 
their  incapacity  to  adjust  their  behaviors  under  these  contingencies.  Their 
U(R1)  and  U(R/s)  are  always  higher  than  those  of  other  subjects 
(confirming  our  previous  analyses). 

After  their  first  push,  the  5-6  y.o.  quickly  become  more  stereotyped 
than  other  subjects  in  R  and  in  D.  This  goes  in  the  same  sense  as  their 
great  %  DS  in  R  (diagonal  sequences).  In  D,  like  in  N,  their  U  (R^/s) 

stay  higher  than  in  other  age  groups. 

U  (R/s)  for  the  second  and  the  third  sessions  are  not  presented, 
because  the  results  do  not  significantly  differ  from  those  already 
described. 

4. 3. 1.5.  Perfonmance  and  variability  as  a  function  of  sex  of  subjects. 

For  each  index,  means  as  a  function  of  age  and  of  sex,  in  the  first 
session  of  the  experimental  groups  NNN,  RDN  and  DRN  can  be  found 
in  Appendix  1,  Tables  1.12  to  1.21,  pp  22-26. 

In  each  age  group,  for  each  index,  Two-Way  ANOVA  (sex  x  matrix 

type)  were  used  in  first  and  second  session  and  Two-Way  ANOVA 

(sexx  pre-training)  were  used  in  third  session. 


143 


An  effect  of  sex  is  observed  in  the  first  session  only  and  for  9-10 
y.o.  and  adults  only. 

-  Among  the  9-10  y.o.,  tliC  effect  of  sex  is  significant  for  the  %  CS 
(F(l,90)=4.544,  p=.036),  for  NIS  (F(l,90)=4.935,  p=.029)  and  the 
number  and  the  variability  of  incorrect  sequences  arc  higher  for  boys 
than  for  girls.  The  9-10  y.o.  boys  are  thus  less  able  performers  than 
girls  and  they  are  more  variable  in  their  errors. 

-  The  same  phenomenon  can  be  observed  among  adults,  for  NIS 
(F(l,99)=4.22,  p=.04)  and  for  U(IS)  (F(l,99)=5.94,  p=.02) 
Moreover,  NCS  is  here  lower  for  females  than  for  males  (F(l,99)  = 
5.387,  p  =.02)  in  N  and  in  R  (this  is  particularly  marked  in 
N).  This  last  difference  is  not  found  in  D.  Females  show,  thus,  a 
tendency  to  be  more  stereotyped  than  males,  except  when 
reinforcement  contingencies  require  variability. 

-  There  is  no  significant  difference  related  with  sex  with  regard  to  DS 
distributions. 

4. 3. 1.6.  Performance  and  vaj-iabilitv  of  adults,  as  a  function  of  school  training. 

For  each  index,  One-Way  ANOVA  (School  training)  were  used  in 
GN  (grouping  the  first  sessions  of  experimental  groups  NNN,  NRN 
and  NON). 

No  relation  can  be  established  between  study  type  ("humanities, 
"neutral",  "scientific")  on  one  hand  and  performance  and  variability  in 
N  on  the  other  hand  .(a  detailed  list  of  study  tvpes  can  be  found  in 
Appendix  1,  Table  1.1,  p  11). 

4.3.2.  COGNITIVE  TASKS 

4. 3.2.1.  Description  of  results  for  each  cognitive  tasks  in  each  age  group 

-  Adult  subjects  fn=100) 

-  t^on-perceptual  serial  classification  : 

The  mean  number  of  successful  items,  on  the  6  ones  proposed,  is 

4.73  (o  =  1.27).  61%  of  adults  correctly  complete  5  or  6  items  and  37% 
complete  the  totality  of  items  (see  Table  1.3) 

These  results  are  similar  to  those  obtained  by  Botson  and  Deli^ge 
(1976). 

There  is  no  difference  due  to  5£x  or  to  type  of  study. 
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N^ge  groups 

Adults 

14-15  y.o. 

numberV 

of 

correct  items 

(n  =  100) 

(n  =  98) 

0-2 

6 

11 

6.00 

11.20 

33 

33 

■■ 

33.00 

33.70 

5-6 

61 

54 

_ I 

61.00 

55.10 

Table  1.3  Adults  and  14-15  y.o. :  absolute  and  relative  frequencies  of  subjects  in  each  of  3  classes 
of  performance  (based  on  number  of  correct  items  at  the  non-  perceptual  serial  classifications  task ). 


-  Permutations  : 

70  %  of  adults  adopt  a  systematic  procedure  to  produce  the  totality  of 
permutations  (with  3,  4  and  5  elements),  are  able  to  understand  the 
calculation  principle  and  to  apply  it  to  any  number  of  elements  (see  Table 
1.4.). 


There  is  no  difference  due  to  5£2i  or  to  type  of  matrix. 


groups 

Adults 

14-15  y.o. 

caiegories^\^ 

(n  =  100) 

(n  =  98) 

1 

7 

28 

7.00 

28.60 

2 

7 

12 

7.00 

12.20 

3 

16 

26 

16.00 

26.50 

4 

70 

32 

70.00 

32.70 

Table  1.4  Adults  and  14-15  y.o.  :  absolute  and  relative  frequencies  of  subjects  in  each  of  4 
categories  of  performance  in  the  permutation  task  (cat.  1  =  lowest  performance). 
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With  regard  to  the  field  dependence  or  independence  (cognitive 
style),  the  mean  correct  item  on  the  18  items  proposed  at  the  GEFT  is 

13.95  (a  =  3.89).  This  mean  is  approximatively  the  same  as  the  mean 
(14)  obtained  by  the  sample  of  subjects,  that  was  used  to  standardize  the 
French  version  of  the  test.  One  third  of  adults  can  be  considered  as  very 
field-  dependent  (see  Table  1.5). 


NAge  groups 

Adults 

14-15  y.o. 

numberN^^^ 

of 

correct  items  N. 

(n  =  100) 

(n  =  98) 

0  -  12 

30 

58 

30.00 

59.10 

13  -  16 

37 

37.00 

31.60 

17-  18 

33 

9 

33.00 

9.20 

TaMe  l.S  Adults  and  14-15  y.o. ;  absolute  and  relative  frequencies  of  subjects  in  each  of  3  classes 
of  performance  (based  on  number  of  correct  items  at  the  GBFT). 

As  has  already  been  observed  in  the  other  studies  concerning  this 
cognitive  style,  women  are  significantly  more  field  dependent  than  men  ; 

23.1  %  of  women  succeed  in  17  or  18  items,  as  compare  to  39.3  % 
of  men  (  =  6.0758,  df  =  2,  p  =  .0479). 

The  type  of  study  is  also  significantly  related  to  cognitive  style  : 
46.7%  of  "Scientific"  subjects  succeed  in  17  or  18  items,  as  compare  to 
22.2%  of  "neutral"  subjects  and  21.1  %  of  "humanities"  subjects. 

(X^  =  12.347,  df  =  4,  p  =  .0149) 

-  14-15  v,o.  subjects  (n=98) : 

-  Classification  tasks  (Level  II)  : 

It  is  reminded  that  : 

-  Level  I  :  classification  task  includes  8  elements,  which  can 
be  dichotomized  according  to  3  criteria. 


-  Level  11 :  ciassification  task  includes  16  elements,  which  can  be 
dichotomized  according  to  6  criteria. 


Only  27.6  %  of  adolescents  spontaneously  produce  a  multiplicative 
classification  . 

In  the  second  part  of  the  task  (imposed  successive  dichotomies),  they 

produce,  on  average,  5.74  correct  dichotomies  (a  =.56). 

In  the  third  part  (imposed  successive  multiplicative  classifications) 

they  produce  6.66  correct  multiplicative  classifications  ( a  =3.22). 

80.6%  of  these  subjects  produce  the  totality  of  the  6  possible 
dichotomies  and  12.2%  produce  between  11  and  15  multiplicative 
classifications  (see  Table  1.6). 

While  56.1  %  of  the  subjects  adopt  a  systematic  procedure  to 
produce  their  multiplicative  classifications  (they  choose  one  dichotomy 
criterion  that  they  cross  with  the  other  ones  and  they  do  h  same  with  a 
second,  then  with  a  third  ...  dichotomy  criterion),  25.5  %  of  the  subjects 
seem  to  produce  their  different  classification  at  random. 


\Age  groups 

14-15  y.o. 

9-10  y.o. 

number 

of 

correct  classifications\^^ 

(n  =  98) 

(n  =  9l) 

0  -  5 

39 

74 

39.80 

81.30 

6-  10 

47 

15 

48.00 

16.50 

11  -  15 

12 

2 

12.20 

2.20 

Table  1.6  14-15  y.o.  and  9-10  y.o.  :  absolute  and  relative  frequencies  of  subjects  in  each  of  3 
classes  of  performance  (based  on  number  of  correct  mulbpbcative  classifications  Oevel  II)). 


-  non-perceptual  serial  classification  : 

The  mean  number  of  successful!  items,  on  the  6  proposed,  is 

4.37  (o  =  1.46).  27%  of  adolescents  correctly  complete  the  totality  of 
items,  to  37%  of  adults.  However,  subjects'  distributions  do  not  differ 
significandy  (see  Table  1.3,  p.  145). 

-  permuranpas  •* 

Adolescents  are  not  as  good  performers  as  adults  :  only  32.7%  of 
subjects  (compared  to  70%  of  adults)  know  the  permutations  calculation 
principle  and  arc  able  to  produce  systematically  the  totality  of 
permutations.  Adults'  dis^bution  and  adolescents'  distribution  are 
significandy  different  (  =  30.4365,  df  =  3,  p  =  .000),  (see  Table 

1.4,  p.  145). 


The  difference  between  adults  and  adolescents  can  be  attributed,  in 
part,  to  a  sample  effect ;  one  part  of  the  adolescents  will  follow  studies  at 
University.  So,  probably,  other  factors  than  age  could  explain  the 
difference  of  performance. 

-  GEFT  : 

The  mean  number  of  correct  items  at  the  GEFT  is  10.85  (a  =  4.70). 
Adolescents  are  significantly  more  field  dependent  than  adults  (see  Table 
1.5,  p.  146)  (x2=24.08,  df=3,p=.000). 

There  is  no  difference  linked  with  sex,  in  the  four  cognitive  tasks. 


-  9-10  v.o.  sut)iects.  (n  =  91). 

•  Multiplicative  seriation  task  ; 

A  great  majority  of  subjects  can  arrange  the  elements  according  to  the 
two  dimensions,  but  only  successively,  (see  Table  1.7). 


^V,Age  groups 

caiegories 

1 

8 

8.80 

2 

62 

68.10 

3 

Table  1.7  9- 10  y.o. :  absolute  and  relative 
ftequencies  of  subjects  in  each  of  3  categories 
of  performance  in  the  multiplicative  seriation 
task  (cat.  1  =  lowest  performance). 


-  Classification  tasks  (Levels  I  and  ID  : 

18.7%  of  the  9-lOy.o.  subjects  spontaneously  produce  a 
multiplicative  classification  in  the  Level  I  task,  compared  to  16.5%  in  the 
Level  II  task  (27.6%  among  the  adolescents).  Differences  between  the 
9-10  y.o.  and  the  14-15  y.o.  for  the  Level  II  task  are  not  significant 

The  subjects  produce  on  average,  2.5  dichotomies  (o  =  .70), 

(maxima  ;  3)  and  1.98  multiplicative  classifications  (a  =  1.04),  (maxima 
:  3)  in  the  Level  I  task.  61.5%  of  subjects  produce  the  totality  of  the 
three  possible  dichotomies  and  39%,  the  totality  of  the  three  possible 
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multiplicative  classifications  (compared  to  69%  of  the  8-9  y.o.  subjects 
observed  by  Piaget  and  Inhelder  (1967,  p.  211)). 


In  the  Level  n  task,  they  produce  an  average  of  5.26  dichotomies 

(  o  =  1.00),  (maxima  ;  6)  and  3.65  multiplicative  classifications  (o  - 
2.66),  (maxima  ;  15)  compared  to  5.74  and  6.66  among  the  14-15  y.o., 
respectively.  56%  of  subjects  produce  the  totality  of  the  6  possible 
dichotomies  and  2.2%,  between  1 1  and  15  multiplicative  classifications 
(compared  to  respectively,  80.6%  and  12.2%  among  the  14-15  y.o.), 
(see  Table  1.6,  p.  147).  Differences  between  the  9-10  y.o.  and 
adolescents  are  here  significant  (X^  =12.1447,  df  =  1,  p=  .0005,  for  the 
dichotomies  number;  =  34.287,  df  =  2,  p  =  .000,  for  the 
multiplicative  classifications  number). 

Girls  produce  a  significantly  higher  number  of  Level  D  multiplicative 
classifications  than  boys  ;  68.9%  of  the  girls  produce  from  0  to  5  correct 
multiplicative  classifications  and  28.9%  execute  from  6  to  10,  compared 
to  93.5%  and  4.3%  ,  respectively,  for  the  boys  (  X^  =  10.0028,  df  = 
2,  p  =  .0067). 

-  Perceptual  serial  classification  : 

The  mean  of  successful!  items  on  the  3  ones  proposed,  is  2.04 

(  o  =.94).  40.7%  of  subjects  succeed  in  the  totality  of  items  (see  Table 
1.8.).  In  Botson  and  Deli^ge’s  results  (1976),  30%  of  the  9  y.o. 
subjects  and  60%  of  the  10  y.o.  subjects  succeed^  in  the  3  items. 


Age  groups 

numbCTN. 

of 

correct  items 

,  9-10  y.o. 

(n  =  91) 

5-6  y.o. 

(n  =  67) 

0-1 

28 

41 

30.80 

61.20 

2 

26 

19 

28.60 

28.40 

3 

37 

7 

40.70 

10.40 

Tahle  I  S  9-10  y.o.  and  5-6  y.o. :  absolute  and  relative  frequencies  of  subjects  in  each  of 
3  classes  of  performance  (based  on  number  of  conect  items  at  the  perceptual  serial 
classifications  task). 


Inclusion  task  : 

All  subjects,  except  one,  correctly  solve  the  inclusicMi  problem. 


-  5-6  v.o.  subjects  (n  =  67). 

-  Simple  seriation  task  : 

44.3%  of  subjects  produce  a  correct  seriation  (with  or  without  the 
direct  insertion  of  the  remaining  element). 

-  Classificanon  task  (Levell) : 

In  the  first  pan  of  the  task  (spontaneous  classification),  17.8%  of  the 
5-6  y.o.  subjects  do  not  produce  a  real  classification,  while  82.2%  of 
them  succeed.  Only  3.9%  of  the  latter  subjects  produce  a  multiplicative 

classification.  They  make  an  average  of  1.25  dichotomies  (a  =  .77)  and 

.29  multiplicative  classifications  (  a  =  .558)  (compared  to  2.50  and 
1.98,  respectively,  for  the  9-10  y.o.). 


Only  6%  of  them  produce  the  totality  of  the  3  possible  dichotomies 
and  1.5%,  for  the  totality  of  the  3  possible  multiplicative  classifications 
(compared  to  61.5%  and  42.9%,  respectively,  for  the  9-10  y.o.). 
Differences  between  the  two  age  groups  concerned  are  found  to  be 
significant  (X^  =  50.5883,  df  =  1,  p  =  .000,  for  the  dichotomies 
number;  =  34.921,  df  =  1,  p  =  .000  for  the  multiplicative 
classifications  number). 


64.6%  of  the  youngest  subjects  make  0  or  1  dichotomy  only  and 
74.7%  do  not  produce  any  correct  multiplicative  classification. 

-  Perceptual  serial  classificanon  : 

The  mean  number  of  successful  items,  on  the  3  ones  proposed,  is 

1.0  (  o  =  1.01)  (  2.04  for  the  9-10  y.o.).  Only  10.4%  of  subjects 
succeed  in  the  totality  of  items  (compared  to  40.7%  of  the  9-10  y.o.) 
(see  Table  1.8,  p.  149).  The  youngest  subjects  performance  is  thus 
significantly  different  from  that  of  the  9-10  y.o.  (X2  =  20.827,  df  =  2,  p 
=  .000). 


-  Inclusion  task  : 

Only  one  subjea  solves  the  inclusion  problem. 

There  is  no  difference  related  to  sex,  in  the  four  cognitive  tasks. 
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4. 3. 2.2. 


Relations  between  cognitive  tasks : 

In  each  age  group,  results  of  each  cognitive  task  were  put  in  relation 
with  the  results  of  each  other.  Statistical  analysis  (correlations)  were 
used  only  when  results  could  be  considered  as  measurable  variables 
(which  was  not  the  case  for  permutations  task,  spontaneous 
classifications  or  seriation  tasks). 

-  For  adults,  no  relation  has  been  found  between  the  results  of  each 
cognitive  task. 

-  For,  adolescents,  the  performance  at  the  non-perceptive  serial 
classification  task  is  positively  correlated  with  the  number  of  correct 

dichotomies  (p  =  .3930,  p  <  .(X)l)  and  with  the  performance  at  the 

GEFT(p  =  .3003,  p  <  .01). 

-  For  the  9-10  y.o.,  Ae  number  of  level  1  correct  dichotomies  is 
positively  correlated  with  the  number  of  correct  multiplicative 

classifications,  produced  on  the  same  elements  (  p  =  .3081,  p<  .01) 
and  the  performance  at  this  task  is  itself  positively  correlated  with  the 

number  of  Level  II  correct  multiplicative  classifications  ( p  =  .5595, 

p  <  .001). 

-  For  the  5-6  y.o.,  as  for  the  9-10  y.o.,  the  number  of  dichotomies  is 

correlated  with  the  number  of  multiplicative  classifications  (  p  = 
.3013,  p  <  .01).  For  these  subjects,  the  number  of  dichotomies  is 
equally  correlated  with  the  performance  at  the  perceptive  serial 

classification  usk  (p  =  .5059,  p  <  .001). 

4. 3. 2. 3.  Relations  between  cognitive  task  results  and  performance  and  variability 
indices  in  N  in  first  session. : 

Only  the  results  of  subjects  who  had  been  submitted  to  the  matrix  N 
in  the  first  session  were  taken  into  account  (61  adults,  57  adolescents, 
57  "9-10"  y.o.  and  49  "5-6"  y.o.). 

The  results  of  subjects  who  had  received  R  or  D  in  first  session  were 
not  taken  into  account,  because  of  the  limited  number  of  subjects  in 
some  groups  (for  example,  among  the  adults,  there  are  only  4  subjects 
with  D  in  the  first  session,  who  succeed  3  or  4  serial  classification  items 
(second  category)). 

In  each  age  group.  One  Way  Anova  and  Newman-Keuls  procedure 
were  used  for  each  performance  and  variability  indices  (in  GN),  as  a 
function  of  performance  in  each  cognitive  task  (groups  have  been 
made  from  categories  used  in  the  treatments  of  data).  Correlations 
were  also  used  when  tasks  results  could  be  considered  as 
measurable. 

Whatever  the  age  group,  the  statistical  analysis  reveal  no  relation, 
between  the  subjects'  performance  cognitive  tasks  and  their  performance 
or  variability  in  N  in  first  session. 
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4.4.  CONCLUSIONS  OF  EXPERIMENT  1 


To  conclude,  it  is  appropriate  to  review  the  main  results  of 

Exp>eriment  1  with  the  questions  it  was  addressed  to  in  mind  : 

1 .  Does  contingent  reinforcements  produce  stereotypy,  even  when  this 
last  one  is  not  required  ? 

2.  What  is  the  role  of  the  information  given  by  the  environment  ?  What 
is  the  role  of  visual  cues  ?  Do  they  Muence  the  sequence  form  ? 

3 .  Is  it  possible  to  induce  behavioral  variability  ? 

4.  Which  role  is  played  by  the  individuals'  experimental  history, 
depending  upon  the  situations  they  have  been  experiencing  ? 

5.  Are  there  relations  between  subjects'  cognitive  capacities,  their 
cognitive  style  (field  dependence/independence)  and  their 
performance  and  variability  at  the  Visual  Matrix  task  ? 

The  major  results  can  be  stated  as  follows  : 

1 .  In  the  normal  situation  (N),  results  indicate  that  the  mastery  of  the 
task  is  increased  as  age  increases  and  they  confirm  the  observations 
made  in  previous  similar  works  with  College  students  or  with 
children,  concerning  the  establishment  of  a  stereotyped  behavior  as  a 
function  of  the  number  of  trials  (Boulanger,  1983;  El  Ahmadi,  1982; 
Schwartz,  1982c;  Wong  &  Peacok,  1986).  It  is  important  to  note 
that,  even  in  the  third  session,  stereotypy  never  becomes  complete. 
Individuals  of  all  age  groups  always  maike  several  different  correct 
sequences. 

If  the  overall  spontaneous  variability  is  approximatively  the  same  for 
all  age  groups,  its  components  are  evolving  with  age  :  the  youngest 
subjects  produce  the  same  number  of  different  correct  or  incorrect 
sequences  but  the  number  and  the  variability  of  different  corect 
sequences  increase  with  age  while  these  of  incorrect  sequences 
decrease. 

2 .  The  visual  cues  play  an  important  role  in  the  behavioral  organization 
of  the  subjects  of  the  older  three  age  groups.  The  random 
displacement  of  visual  cues  disturbs  them  and  increases  the  incorrect 
sequences  variability.  This  disturbing  effect  diminishes  as  age 
increases. 

On  the  contrary,  the  visual  cues  do  not  seem  to  influence  the  behavior 
of  the  5-6  y.o.,  who  are  the  best  i)erformers  and  the  most  stereotyped 
with  the  random  matrix  R. 

The  analysis  of  the  types  of  dominant  sequences  used  by  subjects 
and  of  their  distributions  can  help  in  evaluating  the  role  of  visual  cues 
and  their  influence  on  the  sequence  form.  On  one  hand,  100  %  of  5-6 
y.o.  prefer  to  produce  the  diagonal  sequences  in  R  and  also,  with  the 
other  matrix  types.  In  fact,  the  use  of  such  a  motor  strategy  allows 
them  to  conclude  correctly  a  sequence  without  any  comprehension  of 
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the  movements  of  the  visual  cues.  On  the  other  hand,  older  subjects 
also  use  the  two  diagonal  sequences  as  an  adapted  strategy  in  R.  But, 
when  visual  landmarks  are  available,  these  subjects  -  oonoarily  to  the 
5-6  y.o.  -  prefer  to  use  the  comer  sequences  and  the  other  correct 
sequences.  The  comer  sequences  seem  easier  to  follow  visually  on 
the  matrix.  The  use  of  these  sequences  indicates  that  the  subjects 
understand  the  relation  between  their  responses  and  the  movements 
of  the  visual  cues  .  It  is  an  optimal  strategy  to  maximize  outcome 
when  confronted  to  the  normal  matrix.  This  could  also  be  the  case  of 
the  diagonal  sequences,  but  for  the  three  older  groups,  the  visual 
feedback  plays  an  important  role  in  the  choice  of  responses.  They  do 
not  produce  combination  of  motor  responses  but  "ways"  to  reach  the 
goal-window. 

3.  Results  indicate  that  it  is  possible  to  induce  behavioral  variability. 
When  reinforcement  contingencies  demand  it,  adults  and  adolescents 
produce  much  more  variability  (even  a  little  more  than  what  is 
required).  It  revealed  more  difficult  to  induce  correct  variability 
among  the  9-10  y.o.  and,  particularly,  among  the  5-6  y.o. 

It  seems  that  the  low  performance  of  these  last  subjects  cannot  be 
attributed  only  to  an  incomprehension  of  the  variability  requirement 
(their  variability  is  slightly  higher  in  D  than  in  N)  and  to  the 
intermittence  of  reinforcements  (by-product  of  the  decrease  of  the 
number  of  reinforcements).  It  seems  to  be  ded  with  the  incapacity  to 
master  the  rules  (notably,  the  incapacity  to  master  the  visual 
informations  to  produce  other  correct  sequences  than  comer  or 
diagonal  sequences). 

Results  of  an  experiment  carried  out  by  BOULANGER  (1986), 
support  this  hypothesis.  This  author  presented  to  subjects  o  5-6  y.o., 
9-10  y.o.  and  14-15  y.o.  a  task  (the  Pyramid  task)  the  basic 
principles  of  which  were  similar  to  those  of  the  Visual  Matrix  task. 
The  main  difference  consisted  in  the  fact  that  all  the  combinations  of 
6  responses  were  available  (there  is  not  a  maxima  of  three  responses 
on  each  button).  There  were  64  different  sequences  and  no  incorrect 
sequence.  The  bank  building  wasreplaced  by  an  Egyptian  pyramid. 
Three  different  types  situation  were  used  : 

1 )  Normal  pyramid  :  .^11  the  sequences  were  reinforced. 

2)  Lag  pyramid  :  ^  sequence  was  reinforced  if  it  was  different  fix)m 
the  10  previous  ones. 

3)  Yoked  control  pyramid  :  Each  subject  belonging  to  this  group 
was  paired  with  a  subject  of  the  Lag  pyramid  group.  These  subjects 
received  the  same  number  of  reinforcements,  in  the  same  order, 
independently  of  the  sequences  they  had  chosen  to  produce. 

The  results  indicated  that  during  the  first  session,  the  mean 
Uncertainty  for  children  (5-6  y.o.)  of  the  Yoked  group  was 
approximatively  equal  to  that  for  children  of  the  Lag  group.  The 
difference  between  Lag  and  Yoked  control  group  increas^  with  age 
(the  mean  Uncertainty  for  14-15  y.o.  of  the  Lag  group  was 
significantly  higher  than  that  for  14-15  y.o.  in  the  yoked  group) 
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while  the  difference  between  Yoked  and  Normal  group  decreased 
(the  mean  Uncertainty  for  children  of  the  Yoked  group  was  higher 
than  that  for  children  in  the  Normal  group).  During  the  second 
session,  the  Uncertainty  for  children  of  the  Yoked  group  was  clearly 
lower  than  that  for  children  of  the  Lag  group  and  it  was  equal  to  that 
of  the  children  of  the  Normal  group. 

As  noted  by  BOLTANGER  (1986),  from  the  comparison  between 
the  results  obtained  with  the  pyramid  and  those  obtained  with  the 
matrix,  we  can  say  that  youngest  subjects  do  preceive  the 
contingencies  of  reinforcement  and  the  necessity  to  vary  (even  if  it  is 
more  slowly  than  the  older  subject)  and  that  the  higher  variability  of 
the  Lag  group  (or  in  the  matrix  D)  is  not  a  by-product  of  the 
intermittence  of  reinforcements  but  seems  to  be  operant  variability 
proper. 

4 .  A  previous  experience  of  reinforcement  has  a  falicitation  effect  on  the 
performance  in  R,  for  adults,  adolescents  and,  particularly,  for  the 
9-10  y.o.,  showing  that  visual  cues  coherence  is  less  important  when 
subjects  have  already  awareness  of  reinforcement  rules  The  reverse 
effect  is  observed  for  the  5-6  y.o.;  this  could  hypothetically  be  related 
to  a  general  lack  of  plasticity  among  these  young  children.  During  the 
training,  they  could  have  incident^ly  learned  the  coherent  relation 
existing  between  thedisplacements  of  visual  cues  and  the 
reinforcement  So,  they  could  have  difficulty  leaving  this  relation  out 
of  account  when  the  situation  has  been  modified  and  to  change  their 
behaviors  in  consequence. 

A  previous  exposure  to  N  docs  not  prevent  adults  and  adolescents 
from  adopting  a  more  variable  behavior  when  contingencies  require 
it  and  a  greater  variability  during  previous  exposures  tends  to 
increase  the  variability  in  the  normal  situation  (proactive  effect  of  the 
variability  "training"). 

In  short,  parallel  to  the  increase  of  the  performance  and  of  the 
variability  with  age,  it  seems  that  the  capacity  to  adopt  adapted 
behaviors  (more  or  less  variable,  but  efficient)  to  the  present 
environmental  contingencies,  also  increases  as  a  function  of  age. 
This  capacity  appears  low  among  the  youngest  subjects.  It  begins  to 
appear  among  the  9-10  y.o.  (they  are  sensitive  to  the  variability 
constraint,  but  they  do  not  vary  their  behaviors  in  an  optimal  way; 
they  have  difficulty  leaving  the  visual  cues  out  of  account  in  R.  The 
observation  of  these  subjects  in  R,  has  shown  that  they  try  to  find  a 
coherent  relation  between  the  displacement  of  visual  cues  and  their 
pushes  on  the  buttons).  On  the  other  hand,  the  capacity  to 
differentiate  one's  behaviors  is  well  developed  among  adolescents 
and  adults.  The  older  subjects  tend  to  better  optimize  their  behaviors, 
according  to  the  present  situation  (more  stereotyped  in  N  and  in  R, 
when  variability  is  not  necessary  for  reinforcement;  more  variable  if 
variability  must  be  produced). 
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5 .  The  results  relative  to  the  cognitive  tasks  reflect  the  capacities  of 
"abstractness"  as  well  the  "mobility  of  thought",  specific  to  each  age 
group.  Classification  tasks  (successive  dichotomies  and  successive 
multiplicative  classifications)  show  that  mobility  of  thought  and 
capacities  of  anticipation  and  of  "abstractness"  (in  other  words,  the 
subjects'  capacity  to  consider  all  the  possible  criteria  of  classification, 
the  capacity  to  successively  modify  their  arrangement  according  to 
these  criteria,  and  the  capacity  to  take  simultaneously  into  account 
two  criteria  of  a  same  element)  increase  as  a  function  of  age  (5-6  y.o; 
to  14-15  y.o;).  Seriation  tasks  give  the  same  results,  for  the  5-6  y.o. 
and  the  9-10  y.o. 

This  parallel  evolution  of  operative  capacities  in  two  of  the 
elementary  logical  structures  (classification  and  seriation)  confirms, 
as  expected,  what  has  been  described  by  Piaget  and  Inhelder  (1967). 
The  acquisition  of  these  capacities  is  typical  of  the  subjects' 
accession  to  the  concrete  operative  stage,  as  does  the  comprehension 
of  the  inclusion  quantification  (the  quasi-totality  of  our  9-10  y.o. 
subject  understand  it ). 

The  performances  obtained  with  the  perceptual  serial  classification 
task  confirm  these  observations  (the  9-lOy.o.  are  able  to  consider 
simultaneously  several  classification  criteria,  while  this  is  the  case 
only  for  a  few  exceptional  subjects  of  5-6  Y.O.  (only  10.40%  of  the 
5-6  y.o.  subjects  have  succeeded  the  3  perceptual  serial 
classifications,  compared  to  40.70%  of  the  9-10  Y.O.  subjects). 
Classification  task  of  Level  D  indicates  that  the  mobility  of  thought 
still  increases  among  the  14-15  y.o.  But  the  non-pcrceptual  serial 
classification  task  shows  that  it  stays  at  a  similar  level  among  adults. 
Adults  and  adolescents  differ  in  the  permutation  task.  Adults  are 
better  performers  in  this  formal  type  task,  implying  the  capacity  to 
make  operations  on  operations  and  the  capacity  to  consider  in  thought 
all  the  possible  combinations  (combinatory  operations).  Adolescents 
would  not  sufficiently  master  the  formal  logic  to  take  into  account  the 
totality  of  the  possible  relations  between  the  elements  of  a  system 
(however,  as  noted  before,  this  difference  between  adults  and 
adolescents  could  not  only  be  explained  by  an  effect  of  age). 

With  regards  to  the  cognitive  style,  the  14-15  y.o.  are  more  field 
dependent  than  adults.  In  the  two  age-^oups,  females  are  more  field 
dependent  than  males.  The  analytic  attitude  in  a  problem  solving  task 
would  be  more  develop)ed  among  adults  and,  particularly,  among 
males. 

Within  each  age  group,  subjects  have  been  differentiated  according 
to  their  cognitive  capacities  (and  according  to  their  cognitive  style  for 
adolescents  and  adults).  However,  no  matter  which  age  group  is 
considered,  no  difference  is  found  in  performance  and  variability  at  the 
■Visual  Matrix  task  (with  N  in  first  session),  as  a  function  of  the  subjects' 
cognitive  capacities  or,  for  the  adolescents  and  adults,  as  a  function  of 
cognitive  style). 
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This  experiment  leads  to  OMtsider  behavioral  variability  as  an  inherent 
dimension  of  behavior,  sensitive  to  contingencies  of  rcirdorccment,  just 
like  any  other  dimension  of  behavior. 

Moreover,  it  suggests  that  the  capacity  of  adaptation  is  function  of  the 
potentialities  for  variation.  These  potentialities  themselves  depend  on  the 
mastery  of  a  set  of  basic  behavioral  units.  The  capacity  to  vary  his 
behavior  and  to  master  the  functioniong  rules  (in  the  case  of  the  tasks 
used)  is  limited  by  the  subject's  general  developttiental  level  but  it  cannot 
be  confounded  with  the  subject's  cognitive  style  or  the  subject’s 
"mobility  of  thought". 
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CHAPTER  5 


-  EFFECT  OF  A  VARIABILITY  TRAINING  ON 

THE  SUBJECTS*  ADAPTATION  IN  A  NEW 

SITUATION 

-  VARIABILITY  AND  EDUCATIONAL 

BACKGROUND 


-  EXPERIMENTS  2  AND  3  - 
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5.1.  EXPERIMENT  2 

5.1.1.  AIMS  OF  EXPERIMENT  2 

The  first  experiment  has  confirmed  and  further  documented  the 
observations  made  in  previous  similar  works  concerning  the 
emergence  of  stereotyped  behavior  as  a  function  of  the  number  of  trials. 

It  has  also  shown  that,  when  reinforcement  contingencies  demand  it, 
adults  and  adolescents  produce  much  more  variability,  and  that  a 
greater  variability  induced  by  a  previous  exposure  to  favourable 
conditions  (matrix  D)  seems  predictive  of  high  variability  in  the  normal 
situation  when  this  is  reinstate  later  on. 

These  results  would  suggest  that  a  training  that  would  induce  the 
subjects  to  produce  a  very  variable  behavior  (as  opposed  to  a  training 
that  would  lead  to  stereotyped  behavior),  would  facilitate  the  subjects' 
adaptation  to  situations  where  they  would  have  to  modify  their  behavior 
in  order  to  solve  a  problem. 

As  noted  in  Chapter  2.4,  it  could  also  be  hypothetized  that  some 
socio-  cultural  factors  would  have  effects  on  behavioral  variability. 

In  the  first  experiment,  it  had  been  hypothetized  that  some  cognitive 
factors  (as  "mobility  of  thought  "or  "field-dependence/independence") 
could  be  related  to  the  performance  and  the  variability  in  the  Visual 
Matrix  task. 

This  hypothesis  has  not  been  confirmed  by  the  results.  This  could  be 
due  to  the  particular  aspects  and  measures  of  cognitive  capacities  and 
styles  that  have  been  used.  It  seemed  advisable  to  verify  if  the  lack  of 
relation  between  these  cognitive  factors  and  the  behavior  in  the  Visual 
Matrix  task  was  confirmed  when  another  type  of  matrix  situation  was 
taken  into  account  and  when  another  type  of  population  was  concerned. 

In  summary,  the  following  questions  were  considered  : 

1 .  To  what  extent  can  subjects  vary  their  behavior  to  adapt  themselves 
to  a  situation  that  requires  variability  ? 

2.  Does  variability  training  facilitate  the  subjects'  adaptation  in  a 
situation  in  which  only  three  sequences  (among  the  twenty  correct 
sequences  available)  are  reinforced  ? 

3 .  Are  the  subjects'  behaviors  different  depending  upon  their  type  of 
educational  background  on  one  hand,  and  their  "mobility  of  thought" 
and  cognitive  style,  on  the  other  hand  ? 
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5.1.2. 


METHOD 


5. 1.2.1.  Subjects  : 

53  male  subjects  were  selected  and  distributed  into  two  age  groups : 

1 .  Technical  School  adolescents  -  3th  grade  -  (n=31)  ranging  in  age 
from  14-3  to  16-1,  with  a  mean  of  1^1 1  years  of  age.  T^e  subjects 
were  issued  from  two  schools  for  manual  workers 
(electro-mechanics) . 

2 .  Adults  subjects  (n=22)  ranging  in  age  from  1 8-4  to  23-5  with  a  mean 
of  21-4  years  of  age.  They  were  issued  from  an  industrial  training 
center  (training  for  lathe  operators  and  metal  fitters).  All  these 
subjects  had  previously  received  the  same  training  in  the  same  type 
school  as  the  adolescents,  before  being  trainees  at  the  industrial 
training  center. 

5. 1.2.2.  Materials  and  procedures : 

-  Visual  Magixjask : 

Four  matrix  types  were  used  :  Normal  Matrix  (N);  2  matrixes  with 
differential  reinforcement  (D  and  Djq)  and  Matrix  with  prescribed 

sequences  (C)  (see  description  pp  ). 

Subjects  of  each  age  group  were  randomly  distributed  into  two 
experimental  groups  and  they  were  individually  submitted  to  five 
sessions  of  50  trials  each,  in  their  educational  environment  (two 
successive  sessions  on  the  first  day  and  three  successive  sessions  on  the 
next  day). 

Subjects  of  our  sample  were  distributed  into  the  2  experimental 
groups  as  showed  in  the  Table  2.1. 


"'''^^gxperimental  groups 
Age  groups''^^^,,^^ 

NNNCN 

NDDjqCN 

TOTAL 

ADOLESCENTS 

15 

16 

31 

ADULTS 

11 

11 

22 

TOTAL 

26 

27 

53 

Table  2.1  :  subjects'  distribution  in  each  age  group  and  in  each  experimental  group. 
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-  Copiirive  tasks. 

Subjects  of  both  age  groups  were  individually  submitted  to  the 
following  tasks  ; 

1 .  Non-perceptual  serial  classification  task. 

2 .  Group  Embedded  Figures  test  (GEFT)  (field  dependent/independent 
cognitive  styles). 

5.1.3.  RESULTS 

5.1.3.  1.  Vi.sual  Matrix  task  : 

The  ten  indices  selected  to  provide  optimal  information  about 
performance  and  behavioral  variability  have  been  defined  pp  81-83 
Means  and  standard  deviations  of  each  index,  for  each  experimental 
group,  as  a  function  of  age  and  of  session  can  be  found  in  Appendix  2 
(Tables  2.1  to  2.4,  pp  72-75) 

Like  in  experiment  1,  Dominant  Sequences  (DS)  distributions  as  a 
function  of  session  and  of  age,  in  each  experimental  group,  were 
analysed. 

5. 1.3. 1.1.  Effects  of  ape  and  of  session  in  each  experimental  group  : 

-  Student  T-tests  for  related  samples  were  used  to  compare  the  values 
of  each  index,  along  the  5  sessions,  for  the  same  experimental  group 
and  the  same  age  group  (see  Tables  2.9  to  2.12  in  Appendix  2,  pp 
80-83). 

-  Student  T-tests  for  independent  samples  were  used  to  compare  the 
values  of  each  index  as  a  function  of  the  two  age  groups,  for  the 
same  session  of  the  same  experimental  group  (see  Tables  2.13  and 
2.14  in  Appendix  2,  pp  84-85). 

-  Experimental  group  N  N  N  C  N 

Figure  2.1.  (p.  162)  presents,  for  each  index,  mean  values  as  a 
function  of  session,  and  for  each  age  group,  in  the  group  NNNCN. 

performance  : 

For  all  subjects,  there  is  an  increase  of  the  %CS  from  the  first  to 
the  third  session,  in  which,  they  eventually  reach  a  very  high  level  of 
%  CS(>90%). 

The  Matrix  C  produces  a  significant  decrease  of  the  performance 
(NSC  (X2)  indicates  that  the  adults  and  the  adolescents  receive  46.36% 
and  47.33%  of  reinforcement,  respectively).  This  low  performance  can 
be  explained  (especially  for  adults)  by  the  increase  in  number  of 
incorrect  sequences  on  one  hand,  and  by  the  number  of  trials  which 
were  necessary  to  find  out  one  of  the  appropriate  sequences,  on  the  other 
hand.  The  %C.S.  returns  to  a  very  high  level  during  the  last  session. 
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-  8 
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N  N  N  C  N 
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^  ?■ 
in  20  - 

2  10- 
0- 


N  N  N  C  N 


14-15  V.O. 
18-22’  Y.O. 


Fig.  2.1.  For  each  index,  mean  values  as  a  function  of  session 
and  for  each  age  group,  in  the  group  IWNCN 
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variahilirv  : 

Neither  for  adults  nor  adolescents,  any  significant  modification  of  the 
correct  sequences  x'ariability  from  the  first  to  the  third  session  is 
observed. 

Parallel  to  the  evolution  of  the  performance  (%  CS)  along  the  first  three 
sessions,  a  significant  decrease  of  the  incorrect  sequences  variability  is 
noted  (NIS  and  U(IS)).  For  these  sessions,  adolescents  have  a  slight 
tendency  to  be  more  variable  than  adults  (significant  only  for  NCS  in  the 
first  session).  Distributions  of  D.S.  types  are  approximatively  the  same 
for  adults  and  adolescents,  in  the  three  sessions.  Comer  sequences  are 
choosen  by  the  majority  of  subjects  (Table  2.2,  p.  164). 

The  Matrix  C  entails  an  increase  of  the  variability  of  incorrect 
(NIS  and  U(IS))  and  correct  sequences  (adolescents  ;  significant  for 
NCS;  adults  :  significant  for  NCS  and  U(CS)). 

These  effects  are  much  more  pronounced  for  adults.  So,  having  been 
placed  in  a  situation  that  tends  to  induce  stereotypy,  the  subjects  ^opt  a 
more  variable  behavior  in  order  to  bring  a  solution  to  the  task.  The 
significant  increase  of  NSC  between  the  third  and  the  fourth  session 
indicates  that,  in  general,  subjects  adapt  themselves  to  the  constraint  of 
the  task.  Distributions  of  DS  types  in  C  support  this  view  (Table  2.2). 
However,  as  mentioned  earlier,  the  low  performances  indicate  that  they 
need  much  more  trials  to  adjust  themselves  to  the  new  constraints. 

In  the  last  session,  the  number  and  the  variability  of  incorrect 
sequences  are  significantly  lower  than  in  the  other  sessions.  Adults 
become  more  stereotyped  than  during  the  first  three  sessions. 
Adolescents  keep  a  relatively  constant  level  of  variability  as  compared 
with  the  first  sessions.  In  general,  the  variability  indices  and  the 
distributions  of  D.S.  types  indicate  that  the  majority  of  subjects  keep 
a  sufficient  level  of  variability  to  perceive  the  possible  modifications 
of  the  situation  and  to  be  able  to  change  their  D.S.  if  the  situation 
requires  it 

In  short,  while  there  is  no  difference  between  the  2  age-groups  with 
regard  to  performance,  adolescents  tend  to  be  spontaneously  more 
variable  and  they  seem  less  disturbed  by  the  modifications  of 
contingencies  than  adults. 
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AGE 

D.S. 

N 

N 

N 

C 

N 

1 

8 

7 

1 

6 

Comer 

53.33 

46.66 

6.6 

40 

2 

2 

5 

5 

4 

4 

Diagonal 

13.3 

33.33 

33.33 

26.66 

26.66 

14-15 

3 

2 

2 

3 

0 

2 

y.o. 

Other 

13.3 

13.33 

2.0 

13.32 

4 

Incorrect 

0 

0 

0 

0 

0 

5 

0 

0 

0 

10 

3 

Constraint 

66.66 

20 

1 

7 

6 

5 

0 

5 

Comer 

63.6 

54.54 

45.45 

45.45 

2 

2 

2 

5 

0 

2 

Diagonal 

18.2 

18.18 

45.45 

18.18 

ADULTS 

3 

2 

3 

1 

2 

1 

Other 

18.2 

27.27 

9.09 

18.18 

9.09 

4 

Incorrect 

0 

0 

0 

0 

0 

5 

0 

0 

0 

9 

3 

Constraint 

81.81 

27.27 

Table  2.  2  :  Absolute  and  relative  frequencies  of  D.S.  types  as  a  function  of  age  and  of  session, 
in  the  group  NNNCT^. 

-  Experimental  poup  NDDj^  CN 

Figure  2.2  (p.  165)  presents,  for  each  index,  mean  values  as  a 
function  of  session  and  for  each  age  group  in  the  group  NDDjq  CN. 

performance  : 

The  requirement  of  variability  in  D  does  not  stop  the  increase  of  % 
CS.  For  both  age-groups,  this  percentage  remains  constant  for  the 
sessions  3  and  4  and  it  increases  again  in  the  last  session. 


tn 

Q 

.V 


100. 

80. 

60- 
40- 
20- 
0- 

N  D  D  C  N 


5 


14-15'  y.o. 
18-22’y.O. 


Fig.  2.  2.  For  each  index,  mean  values  as  a  function  of  session 
and  for  each  age  group,  in  the  group  NDDjqCN 
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Three  other  indices  that  correspond  to  the  numbers  of  reinforcement 
in  the  matrices  D,  D^q  and  C  must  be  taken  into  account  here  :  the 

number  of  sequences  differing  from  the  two  previous  ones  (NSD2);  the 
number  of  sequences  differing  from  the  l£n  previous  ones  (NSDjq)  and 

the  number  of  sequences  corresponding  to  the  3  ones  which  are 
reinforced  in  C  (NSC).  These  indices  give,  in  fact,  the  real  performance 
of  subjects  with  D  D|q  and  C,  respectively,  and  they  allow  to  assess 

their  adaptation  to  the  3  Matrix  types  (Table  2.3). 


N 

D 

DIO 

C 

N 

14-15  y.o. 

84 

64.5 

49.25 

52.75 

98.25 

ADULTS 

88.91 

65.82 

46.72 

68.81 

98.55 

Table  2.3  :  percentages  of  reinforcement  as  a  function  of  session,  for  each  age  group, 
in  the  group  NDDjoCN. 

During  the  second  session,  there  is  a  significant  increase  of  NSD2 

for  the  2  age-^oups,  but  the  percentage  of  reinforcement  does  not  reach 
the  value  obtained  with  the  Matrix  N  in  first  session. 

The  significant  increase  of  NSDjq  from  the  second  to  the  third 

session  suggest  that  the  subjects  have  modified  their  behavior  in  order 
to  adapt  to  ^e  new  reinforcement  contingencies  and  that  they  are  able  to 
still  more  vary  their  behaviors.  However,  the  percentages  of 
reinforcement  arc  lower  than  in  D.  This  might  indicate  that  subjects  do 
not  in  fact  understand  the  precise  requirements  of  the  task  or  that  they 
do  not  use  an  appropriate  strategy  to  ajust  to  the  contingencies. 

The  significant  increase  of  NSC  in  the  fourth  session  indicates  that 
subjects  grasp  the  constraint  of  the  Matrix  C.  It  seems  easier  for  them 
to  adapt  to  this  Matrix  than  to  Djq.  This  seems  particularly  obvious  for 

the  adults.  (However,  the  difference  between  the  two  age-groups  is  not 
significant). 

For  all  the  subjects,  the  performance  reaches  its  maximum  during  the 
last  session. 

variabilits'  : 

In  this  group,  adults  tend  to  be  spontaneously  more  variable  than 
adolescents.  The  difference  observed  in  the  other  group,  could  be  due 
to  a  sample  effect.  In  each  age  group,  when  the  values  of  indices  in  first 
session  arc  computed  for  the  to^ity  of  subjects  of  the  two  experimental 
groups  (N  glob^),  no  significant  difference  is  found  between  the  2  age 
groups. 
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The  Matrices  D  and  D^q  lead  to  a  significant  increase  of  general 

variability  (U(S)),  which  can  be  explained  for  both  age-groups  by  the 
increase  of  the  variability  of  correct  sequences  (U(CS)).  In  D|q, 

subjects  use  near  75%  of  the  possible  correct  sequences  (U(CS)).  We 
note  a  slight  decrease  of  the  variability  of  incorrect  sequences 
(no-significant).  There  is  no  significant  difference  between  adults  and 
adolescents  with  regard  to  their  adaptation  to  variability  requirements. 

The  Matrix  C  leads  to  a  reduction  of  the  general  variability  (%DS  and 
U(S))  up  to  its  initial  level  (in  first  session).  However,  the  number  of 
different  correct  sequences  stays  significantly  higher  in  the  fourth 
session  than  in  the  first  one.  This  probably  reflects  the  variability  which 
is  necessary  if  a  subject  is  to  fmd  out  one  of  the  three  possible  correct 
sequences. 

With  regard  to  DS  (Table  2.4,  p.  168),  the  Matrix  D  does  not  entail 
significant  modification  of  the  distributions  of  D.S.  types  ;  in  the  two 
age-groups,  the  majority  of  subjects  prefer  diagonal  sequences  as  D.S., 
liJce  in  the  hrst  session.  In  Djq,  the  "other"  sequences  are  chosen  by  a 

larger  number  of  subjects  as  it  was  in  D.  In  C,  90.91%  of  adults  and 
75%  of  adolescents  choose  as  D.S.,  one  of  the  three  possible  sequences. 
It  confirms  that  the  great  majority  of  subjects  eventually  adapt  to  the 
constraint  of  this  Matrix. 

During  the  last  session,  the  variability  of  correct  sequences  decreases 
to  reach  the  same  level  as  in  the  first  session.  The  Matrix  C  has  a 
proactive  effect  on  the  distribution  of  DS  types  :  45.45%  of  adults  and 
12.5%  of  adolescents  continue  to  produce  in  the  last  session,  the  same 
sequence  as  in  C. 
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AGE 

D.S. 

N 

D 

^10 

C 

1 

10 

8 

7 

1 

7 

Comer 

62.5 

50.0 

43.75 

6.25 

43.75 

2 

3 

5 

2 

2 

6 

Diagonal 

18.8 

31.25 

12.5 

12.5 

37.5 

14-15 

3 

3 

3 

7 

0 

1 

y.o. 

Other 

18.8 

18.75 

43.75 

6.25 

4 

Incorrect 

0 

0 

0 

1 

6.25 

0 

5 

Constraint 

0 

0 

0 

la 

2 

12.5 

1 

Comer 

8 

72.7 

8 

72.72 

3 

27.27 

0 

1 

9.09 

2 

Ehagonal 

2 

18.2 

0 

2 

18.18 

0 

4 

36.36 

ADULTS 

3 

1 

3 

6 

1 

1 

Other 

9.1 

27.27 

54.54 

9.09 

9.09 

4 

Incorrect 

0 

0 

0 

0 

0 

5 

Constraint 

0 

0 

0 

10 

90.91 

5 

45.45 

Table  2.4  :  Absolute  and  relative  frequencies  of  D.S.  types  as  a  function  of  age  and  of  session, 
for  each  age  group,  in  the  group  NDDigCN. 

5. 1.3. 1.2.  Comparison  of  the  pretrained  subjects’  behaviors  as  a  function  of  Matrix 
Type  and  of  Age 

The  results  obtained  by  subjects  pretrained  in  N  with  the  matrixes  N 
and  D  in  the  second  session  were  compared.  Figure  2.3  (p.  169) 
presents  mean  values  of  performance  and  variability  indices  as  a  function 
of  age  and  of  matrix  type,  in  the  second  session. 

For  each  index,  Two  -  Way  ANOVA  (age  X  matrix  npe)  in  the 
second  session  (see  Table  2.15  in  Appendix  2,  p  86)  was  only 
completed  by  Student  T-tests  (matrix  type)  for  each  age  group  (see 
Table  2.16  in  Appendix  2,  p  87)  because  Two-Way  aSiOVA 
revealed  no  effect  due  to  age. 
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Fig.  2.  -  For  each  index,  mean  values  as  a  function  of  age  and 
of  matrix  type  (N  and  D),in  the  second  session  Gower 
case  letters  are  used  as  symbols  for  first  session  condition, 
capital  letters  for  second  session  condition) 
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Results  show  that  adults  and  adolescents  are  equally  sensitive  to 
particular  contingencies  of  reinforcement.  They  are  able  to  adopt  more 
variable  behavior  when  experimental  contingencies  require  it.  The  global 
variability(with  regards  to  %DS  and  U(S))  is  larger  with  D,  and  this  can 
be  explained  by  the  importance  of  the  variability  of  correct  sequences 
(U(CS),  NCS).  They  adapt  to  the  requirement  of  variability  (NSD2  is 

higher  in  D  than  in  N)  and  this  contingency  does  not  significantly 
influence  the  %CS.  However,  it  does  not  allow  subjects  to  reach  the 
same  performance  in  D  than  in  N  (94.27%  and  93.45%  of  reinforcement 
in  N;  64.50%  and  65.82%  of  reinforcement  in  D,  for  the  14-15  y.o.  and 
for  adults,  respectively).  This  fact  iicates  that  the  understanding  of  the 
task  in  D  is  not  easy  for  some  of  the  subjects  or  -  at  least-  that  they  need 
many  trials  to  adapt  to  it.  The  DS  are  not  significantly  differently 
distributed  according  to  Matrix  type  (Table  2.  2,  p.  164  and  Table  2.4, 
p.  168).  In  D  as  in  N,  the  majority  of  the  subjects  prefer  comer 
sequences  as  DS.  Even  if  there  is  no  significant  difference  according  to 
age,  14-15  y.o.  show  a  slight  tendency,  in  D  and  in  N,  to  prefer 
diagonal  sequences  as  DS. 

The  comparison  of  results  obtained  with  the  Matrixes  N  and  Djq  in 

the  third  session  was  doubtful :  the  effect  of  the  factor  "Matrix"  could  be 
assigned  both  to  particularities  of  the  Matrix  in  itself  and  to  the  type  of 
pre-training  received  by  the  subjects.  The  effect  of  age  was  the  only  one 
which  could  be  taken  into  account  and  Two-way  ANOVA  did  not  reveal 
any  effect  of  age.  Concerning  behaviors  observed  with  the  Matrix  DIO, 
we  refer  to  our  first  analysis  (effects  of  session  and  of  age  in  the  group 
NDDiqCN,  pp  164-168). 

5. 1.3. 1.3.  Effects  of  pre-training  : 

-  Effects  of  pre-training  on  behavior  in  C  (fourth  session) : 

Figure  2.4  (p.  171)  presents  mean  values  of  performance  and 
variability  indices  as  a  function  of  age  and  of  type  of  pre-training,  in  C. 
No  matter  which  index  is  considered.  Two-way  ANOVA  (aee  x 
pretrainingi  does  not  reveal  any  effect  of  age.  (see  Table  2.17  in 
Appendix  2  p.88).  The  effect  of  pre-training  is  si^ificant  only  for 
U(1.S.);  so,  at  first  sight,  the  only  effect  of  a  variability  training  is  to 
entail  a  reduction  of  the  variability  of  incorrect  sequences.  However, 
comparisons  of  behaviors  in  C  according  to  the  t^  of  pre-training 
inside  each  age-group,  allow  us  to  note  some  tendencies.  (Student 
T-tests  (pre-tr^ning) ;  Table  2.18  in  Appendix  2  p.89). 

In  both  age-groups,  the  variability  training  has  no  effect  on  the 
variability  of  correct  sequences.  However,  for  adults,  particularly, 
variability  training  seems  to  facilitate  the  performance  in  C.  This  increase 
of  performance  can  be  attributed  to  the  number  of  incorrect  sequences 
which  is  lower  after  the  variability  training  than  after  the  pre-training 
with  N.  To  explain  this  effect,  it  can  be  suggested  that  subjects  who 
received  a  variability  training  did  not  directly  perceive  the  naodificaiion  of 
the  contingencies.  Therefore,  they  continued  to  vary  as  before.  Doing 
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Fig.  2.  4.  For  each  index,  mean  values  as  a  function  of  age  and 
of  pre-training  type,  in  the  fourth  session  (C)  (lower 
case  letters  are  used  as  symbols  for  first  three  sessions 
conditions,  capital  letters  for  fourth  session  condition) 
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so,  they  had  a  higher  probability  to  do  one  of  the  3  reinforced  sequences 
than  other  subjects. 

For  adolescents,  the  variability  training  has  no  effect  Even,  it  can  be 
thought  that  some  of  them  did  not  perceive  at  all  -  or  have  perceived  later 
than  adults  -  the  modification  of  Ae  contingencies.  Distributions  of  DS 
support  this  hypothesis,  even  if  the  majority  of  subjects  use  a 
"constraint"  sequence  as  DS  in  C  (Table  2.4,  p.  168). 

-  Effects  of  pre-training  on  behavior  in  N  Hast  session). 

Statistical  analysis  does  not  reveal  any  effect  of  pre-training  neither 
on  the  performance  nor  on  the  variabiUty  in  N  during  last  session. 
(Table  2.19  in  Appendix  2  p.90).The  effect  of  age  is  significant  only  for 
N.S.C.:  during  the  last  session  (in  the  2  experimental  groups).  The 
adults  use  the  sequences  which  are  reinforced  in  C,  more  often  than  the 
14-15  y.o. 

5. 1.3. 1.4.  Effects  of  type  of  educational  background  on  performance  and  on 
behavioral  variability 

Results  obtained  by  the  subjects  of  this  experiment  ("Technical 
population"  :  T)  were  compared  with  the  ones  obtained  by  the  subjects 
of  the  same  age  groups  (adolescents  and  adults)  of  experiment  1 
("General  population" :  G) 

For  recall,  adolescents  in  experiment  1  were  students  in  General 
Secondary  Schools  (as  opposed  to  subjects  of  this  experiment  who  came 
from  schools  for  manual  workers)  and  adults  in  experiment  1  were 
University  students  (contrary  to  adults  of  this  experiment  who  were 
trainees  at  an  industrial  center).  The  level  of  the  educational  trainings  in 
this  experiment  is  inferior  to  the  one  of  the  subjects  of  the  experiment  1 . 

-  Performance  and  variability  in  N.  in  first,  second  and  third  sessions. 

For  N  in  first  session,  we  have  gathered  the  results  of  subjects  who 
have  received  N  in  first  session,  in  each  population  and  in  each 
age-group,  (subjects  from  experimental  groups  iJNN,  ^RN  and  tJDN, 
for  the  G  population  -i.e.  56  adolescents  and  61  adults-  and  subjects 
from  the  2  experimental  groups  ^NNCN  and  ^DDjqCN  for  the  T 

population  i.e. :  31  adolescents  and  22  adults). 

For  N  in  second  and  in  third  sessions,  we  have  taken  into  account 
the  subjects  from  the  experimental  group  NNN  for  the  G  population  (17 
adolescents  and  21  adults)  and  the  subjects  from  the  experimental  group 
NNNCN  for  the  T  population  (15  adolescents  and  1 1  adults). 


The  figure  2.5  (p.  173),  presents  mean  values  of  performance  and 
variability  indices  as  a  function  of  age  and  of  type  of  study,  in  N  in 
first,  second  and  third  sessions. 


14-15  Y.O,  18-22  Y.O.  14-15  Y.O.  '18-22  Y.O. 


Fig.  2.  5.  For  each  index,  mean  values  as  a  function  of  age 
and  of  school  education,  in  N  in  first,  second  and 
third  sessions  (G  =  "General  population", 

T  =  'Technical  population") 
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Means  and  standard  deviations  for  each  session  of  the  group  NNN  and 
for  the  first  two  sessions  of  the  group  NDN,  for  each  age  group  of  the 
population  G,  can  be  found  in  Appendix  2  (Tables  2.5  to  2.8,  pp 
76-79). 

For  each  index,  Two-Way  ANOVA  (age  X  study)  in  N  (1th,  2th  and 
3th  sessions)  (see  Table  220  in  Appendix  2,  p  91)  was  completed 
by  Student  T-tests  (type  of  study)  for  each  age  group  (see  Table  221 
in  Appendix  2,  p  92). 

The  differences  of  behavior  related  to  the  type  of  educational 
background  are  significant  only  for  the  %  CS,  NIS  and  U(1S)  in  first 
session. 

In  both  age  groups,  the  subjects  of  the  T  population  have  performances 
significantly  lower  than  performances  of  the  subjects  of  the  G  population 
and  the  variability  of  their  incorrect  sequences  is  higher.  On  the  contrary, 
there  is  no  difference  between  the  two  populations  with  regard  to  the 
variability  of  correct  sequences. 

The  DS  are  not  significantly  differently  distributed  according  to  the 
type  of  educational  background.  In  each  age-group  and  in  each 
population,  the  subjects  prefer  comer  sequences  (Table  2.5). 
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POPULATION 

T 

G 

AGE 

D.S 

N  GLOBAL 

N 

N 

N  GLOBAL 

N 

■■ 

1 

21 

8 

7 

44 

12 

12 

Comer 

67.74 

53.33 

46.66 

78.57 

70.58 

70.58 

2 

5 

5 

5 

4 

2 

2 

Diagonal 

16.13 

33.33 

33.33 

7.14 

11.76 

11.76 

14-15 

5 

2 

3 

3 

WBtM 

y.o. 

16.13 

13.33 

20.0 

■■ 

17.64 

4 

Incorrect 

0 

0 

0 

0 

0 

0 

5 

Constraint 

0 

0 

0 

0 

0 

0 

1 

15 

6 

5 

44 

13 

13 

Comer 

68.18 

54.54 

45.45 

72.13 

61.9 

61.9 

2 

5 

9 

4 

4 

Diagonal 

45.45 

14.75 

19.04 

19.04 

ADULTS 

3 

3 

3 

1 

8 

3 

4 

Other 

13.63 

27.27 

9.09 

13.11 

14.28 

19.04 

4 

Incorrect 

0 

0 

0 

0 

0 

4.76 

1 

5 

Constraint 

0 

0 

0 

0 

0 

0 

Tab.  2.5  :  absolute  and  relative  frequencies  of  DS  types  as  a  funcbon  of  session  (NMN),for  each  type  of 
population  and  for  each  age  group. 

-  Performance  and  variability  in  D  in  the  second  session  (Subjects 
pre-trained  in  N) 

Subjects  from  the  experimental  group  NDN  for  the  G  population  (19 
adolescents  and  20  adults)  and  subjects  from  the  experimental  group 
N^DjqCN  for  the  T  population  (16  adolescents  and  11  adults)  have 

been  taken  into  account.  Figure  2.6  (p.  176)  presents  mean  values  of 
performance  and  variability  indices  as  a  function  of  age  and  of  type  of 
study,  in  N  in  first  session  and  in  D  in  second  session. 


14-15  Y.O.  18-22  Y.O.  14-15  Y.O,  18-22  Y.O, 


Fig.  2.  6.  For  each  index,  mean  values  as  a  function  of  age 
and  of  school  education,  in  N  in  first  session  and 
D  in  second  session  (G  =  "General  population"; 
T  =  'Technical  population") 
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For  each  index,  Two-Way  AN  OVA  (ageX  study)  in  D  (2  th  session) 
(see  Table  222  in  Appendix  2,  p  93)  was  completed  by  Student 
T-tests  (type  of  stud\)  for  each  age  group  (see  Table  223  in 
Appendix  2,  p  94). 


There  is  a  significant  effect  of  the  type  of  educational  background 
both  on  the  performance  and  variability  indices  .  The  subjects  of  the  T 
population  have  a  performance  inferior  to  the  one  of  the  subjects  of  the 
G  population  (NSD2).  They  are  less  variable  with  regard  to  correct 

sequences  (NCS  and  U(CS))  and  the  number  and  the  variability  of  their 
incorrect  sequences  (l^S  and  U(IS))  are  higher  than  those  of  the 
subjects  of  the  G  population. 

The  differences  between  the  2  populations  are  more  pronounced  for 
adolescents  than  for  adults. 

The  DS  are  not  significantly  differently  distributed  as  a  function  of 
the  type  of  educational  background  (Table  2.6). 


POPULATION  T 

POPULATION  G 

D.S 

14-15  y.o. 

ADULTS 

14-15  y.o. 

ADULTS 

1 

8 

12 

11 

Comer 

72.72 

63.15 

55.0 

2 

0 

1 

2 

Ehagonal 

5.26 

10.0 

3 

3 

3 

6 

7 

Other 

18.75 

27.27 

31.57 

35.0 

4 

Incorrect 

0 

0 

0 

0 

Table  2.6  ;  Absolute  and  relative  frequencies  of  D.S.  types  for  each  type  of  population  and  for  each  age  group, 
in  D  in  second  session 
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5. 1.3. 2.  Cognirive  tasks  : 

51-3.2.1.  pgscriPriQP  of  results  for  each  cognirive  task  as  a  function  of  age  and  of 
educational  background : 


-  Non-perccptual  serial  classification  task  : 


G  POPULATION 

T  POPULATION 

NUMBER  OF 
CORRECT  ITEMS 

14-15  y.o. 

ADULTS 

14-15  y.o. 

ADULTS 

n  =  56 

n  =  61 

n  =  30 

n=22 

0-2 

8 

3 

0 

1 

14.3 

4.9 

0.0 

4.5 

3-4 

18 

22 

7 

6 

32.1 

36.1 

23.3 

27.3 

5-6 

30 

36 

23 

15 

53.6 

59.0 

76.7 

68.2 

Table  2.1 :  For  each  type  of  population  and  for  each  age  group,  absolute  and  relative  frequencies  of  subjects 
in  each  of  3  classes  of  performance  (based  on  number  of  correct  items  at  the  non-pcrceptual  serial 
classification  task) 

Table  2.7.  shows  that  no  matter  which  population  is  analysed,  no 
significant  difference  is  found  between  the  adolescents'  and  adults' 
distributions.  In  both  age-groups  subjects  of  the  T  population  perform 
at  an  higher  level  than  subjects  of  the  G  population.  The  difference  is 
significant  for  the  14-15  y.o.  only  (X2  =  6.49798,  df  =  2;  p  =  .038). 

These  results  are  opposite  to  what  would  have  been  expected,  after  the 
results  obtained  by  Botson  (1976).  However,  it  can  be  suggested  that 
the  educational  background  of  the  subjects  of  the  T  population  could 
have  favoured  partially  the  thought  process  involved  in  this  task.  In  the 
non-perceptive  serial  classifications,  the  task  of  the  subjects  is  to 
complete  series  of  objects  by  inserting,  at  a  given  point,  the  appropriate 
object  (selected  among  an  array  of  6  objects).  At  any  point,  the  series 
can  be  dichotomically  cut,  with  objects  on  one  side  sharing  a  common 
property,  but  lacking  an  additional  property  shared  by  the  objects  on  the 
other  side.  In  order  to  solve  the  problem,  subjects  must  be  able  to  take 
into  account  simultaneously  several  criteria  of  dichotomy,  and  to 
integrate  all  the  relations  existing  between  the  elements  of  a  series.  This 
implies  that  subjects  have  the  capacity  to  analyse  the  different  perceptive 
characteristics  of  each  object  This  type  of  process  seems  to  be  easier  for 
subjects  of  the  T  population  than  for  subjects  of  the  G  population.  For 
the  latters,  some  criteria  of  dichotomy  are  not  perceptually  obvious  (for 
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exainple,  the  transparence  of  objects,  as  opposed  to  color).  On  the 
contr^,  subjects  of  the  T  population  seem  to  have  met  less  difficulty  in 
perceiving  these  characteristics.  It  could  be  explained  by  the  type  of 
specific  training  they  are  given  during  their  studies  (they  arc  invited  to 
manipulate  and  to  an^yse  the  different  physical  characteristics  of  objects 
more  often  than  the  subjects  of  the  G  population). 


-  Group  Embedded  Figures  Test  (GEFTi  : 


G  POPULATION 

T  POPULATION 

NUMBER  OF 
CORRECrr 

14-15  y.o. 

ADULTS 

14-15  y.o. 

ADULTS 

ITEMS 

n  =  56 

n  =  61 

n  =  29 

n  =  22 

32 

19 

14 

2 

57.1 

31.1 

48.3 

9.1 

13-16 

17 

23 

12 

8 

30.4 

37.7 

41.4 

36.4 

17-18 

7 

19 

3 

12 

12.5 

31.1 

10.3 

54.5 

Table  2.8  :  For  each  type  of  population  and  for  each  age  group,  absolute  and  relative  hequencies  of  subjects 
in  each  of  3  classes  of  performance  (based  on  number  of  correct  items  at  the  GEFT) 

Table  2.8  shows  that  in  the  two  populations,  adolescents 
significantly  more  field  dependent  than  adults  (G  population  :  = 

9.55596,  df  =  2;  p  =.008;  T  population  ;  =  14.51262,  df  =  2;  p  = 

.0007).  There  is  no  significant  difference  between  the  two  populations. 
However,  subjects  of  the  T  population  (mainly,  the  adults)  tend  to  be 
more  "field-independent"  than  subjects  of  the  G  population. 

5. 1.3. 2. 2.  Relations  between  cognitive  tasks 

It  is  only  when  the  totality  of  the  subjects  (populations  and 

age-groups  blended)  is  taken  into  account  that  the  number  of  correct 
items  of  ie  serial  classification  is  positively  correlated  to  the  number  of 

correct  items  of  the  GEFT  (p  =.2733,  p  <  .001). 

5. 1.3. 2. 3.  Relations  between  cognitive  tasks  results  and  performance  and 
variability  indices  (Matrix  Task). 

For  each  age-group  in  each  type  of  population,  there  is  no  significant 
relation  between  the  cognitive  tasks  results  and  the  performance  and 
variability  indices  (no  matter  which  matrix  type  is  considered  )  (same 
statistical  analysis  as  in  experiment  1). 


179 


I 


So,  as  it  was  noted  in  experiment  1,  it  seems  that  there  is  no  relation 
between  behavioral  variability  on  one  hand,  and  the  subjects’  field- 
dependence/independence  or  their  cognitive  capacities  as  the  mobility  of 
thought,  on  the  other  hand  (as  assess^  by  the  cognitive  tasks  used). 

.4.  CONCLUSIONS  OF  EXPERIMENT  2 

In  this  experiment,  the  following  questions  were  considered : 

1.  To  what  extent  can  subjects  v^  their  behavior  to  adapt  themselves  to  a 

situation  that  r^uires  variability  ? 

2.  Does  a  variability  training  facilitate  the  subjects'  adaptation  in  a  situation 
in  which  only  three  sequences  are  reinforced  ? 

3.  Are  the  subjects'  behaviors  different  depending  upon  their  type  of 
educational  background  on  one  hand,  and  their  "mobility  of  thought" 
and  cognitive  style,  on  the  other  hand  ? 

Main  results  are  as  follows : 

1 .  Globally,  adolescents'  behaviors  are  not  different  from  adults’  behaviors 
with  regard  to  each  Matrix  type.  Subjects’  behaviors  show  that  they  are 
sensitive  to  environmental  factors  :  they  are  able  to  modify  their  behavior 
as  a  function  of  the  Matrix  type. 

In  the  normal  situation  (N),  subjects  have  a  good  performance  and 
the  contingent  reinforcement  produces  some  stereotypy.  However  this 
last  one  remains  relatively  constant  throughout  the  three  sessions  and  the 
subjects  keep  always  a  certain  level  of  variability  (they  always  make 
several  different  correct  sequences). 

When  reinforcement  contingencies  demand  it,  subjects  produce  more 
variability,  even  more  than  what  is  required  (when  the  request  of 
variability  is  not  too  important,  as  in  D).  The  majority  of  them  are  able  to 
adapt  themselves  to  this  requirement. 

When  the  task  requires  much  more  variability  (Djq),  subjects  vary 

still  more  their  behaviors.  The  level  of  variability  that  they  reach,  is 
theoretically  sufficient  to  allow  them  to  meet  these  contingencies. 
However,  the  low  percentage  of  reinforcement  let  us  think  that  subjects 
do  not  adopt  an  appropriate  behavior  in  order  to  adapt  to  the  precise 
contingencies  of  the  task.  The  analysis  of  the  50  sequences  emitted  by 
some  subjects  of  the  group  NDDjqCN  in  the  third  session,  let  think  that 

they  do  not  vary  their  sequences  in  a  systematic  way). 

2 .  Even  when  they  have  been  put  in  a  situation  which  entails  stereotypy, 
subjects  are  able  to  modify  and  to  vary  their  behaviors  in  order  to  adjust 
to  a  modification  of  the  contingencies  (Matrix  C).  The  low  performance 
reflects  mainly  the  large  number  of  trials  which  are  necessary  to  find  an 
appropriate  sequence.  In  adults,  a  variability  training  entails  a  slightly 
better  performance  when  precise  behaviors  are  required  from  the 
subjects  (C).  It  can  be  thought  that  the  subjects  who  have  received  this 
training  have  not  directly  perceived  the  modification  of  the 
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contingencies.  Therefore,  they  have  continued  to  vary  as  before  and, 
doing  so,  they  had  a  higher  probability  to  emit  one  of  the  three 
appropriate  sequences  more  rapidly  than  the  subjects  of  the  other 
experimental  group. 

The  type  of  pre-training  has  no  effect  on  the  performance  and  the 
variability  in  the  last  session;  however,  some  subjects  continue  here  to 
use  one  of  the  three  ’’constraint"  sequences. 

3.  The  adaptation  to  the  task  seem  to  be  tied  to  the  of  educational 
background  :  subjects  who  were  following  a  technical  training  (in  a 
Technical  Secondary  School  or  in  an  Industrial  Training  Center)  have 
needed  more  trials  to  reach  the  same  performance  than  the  subjects  who 
were  following  a  General  Educational  cycle  (In  a  General  Secondary 
School  or  at  the  University  level). 

As  to  behavioral  variability,  the  spontaneous  variability  level  (as 
assessed  by  the  Matrix  N)  docs  not  seem  to  be  tied  to  the  type  of 
educational  background.  But  it  is  not  easy  to  induce  correct  variability 
among  subjects  of  the  'Technical  Population".  While  they  arc  able  to 
adopt  a  more  variable  behavior  when  contingencies  require  it,  they  do 
not  reach  the  level  of  performance  scored  by  the  subjects  of  the  "General 
Population".  This  difference  can  not  be  explained  by  their  incapacity  to 
adopt  a  more  variable  behavior  (they  are  more  variable  in  a  situation 
which  requires  much  more  variability  ( D  jq)  but  it  could  be  due  to  the 

greater  difficulty  they  have  to  adopt  a  consistent  behavior. 

This  difference  cannot  be  put  in  relation  with  the  cognitive  style 
or  with  the  "mobility  of  thought"  of  the  subjects  of  each  type  of 
population. 

In  each  type  of  population,  subjects  have  been  differentiated  as  a 
function  of  their  cognitive  capacitites.  However,  no  matter  which  type  of 
population  is  considered,  no  difference  is  found  with  regard  to  behaviors 
in  the  Visual  Matrix  task  (with  each  type  of  Matrix)  as  a  function  of  the 
subjects'  "mobility  of  thought”  or  "field  dependenccAndep)endence". 

In  summary,  referin.L  the  specific  questions  raised  initially,  results 
of  this  experiment  ha  z  showed  That . 

1 .  The  subjects  are  able  to  adopt  a  very  variable  behavior  which  could 
theoretically  allow  them  to  produce  sequences  which  differ  from  the  10 
previous  ones.  However,  they  seem  to  have  difficulties  in  understanding 
the  precise  contingencies  of  the  task  and/or  to  adopt  a  systematic 
procedure  in  varying  their  sequences. 

2 .  As  we  had  hypothesized,  a  variability  training  seems  to  facilitate  the 
subjects’  adaptation  to  new  contingencies.  However,  this  effect  is  found 
in  adults  only  and  it  is  so  tenuous  that  it  needs  to  be  confirmed,  with  a 
greater  number  of  subjects. 
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3.  While  the  level  of  spontaneous  variability  docs  not  seem  to  be 
influenced  by  the  subjects'  educational  background,  it  seems  to  be  tied 
to  their  capacity  to  master  the  task  and  to  adjust  to  variability 
requirements.  Here  also,  it  is  necessary  to  confirm  these  results  with  a 
greater  number  of  subjects,  by  trying  to  dissociate  the  respective  effects 
of  the  level  of  study  and  of  the  type  of  study. 

As  in  experiment  1,  no  relation  was  found  between  the  subjects' 
"mobility  of  thought"  or  their  "ficld-dependencc/indepcndence"  and  their 
behaviors  in  the  Visual  Matrix  task. 

5.2.  EXPERIMENT  3 

5.2.1.  AIMS  OF  EXPERIMENT  3 

Results  of  experiment  2  have  led  us  to  carry  out  a  similar  experiment 
with  a  larger  number  of  subjects.  In  this  experiment,  the  level  of  school 
education,  the  type  of  school  education  and  the  socio-cconomical  origin 
of  the  subjects  have  been  taken  into  account 

As  noted  in  chapter  2.5.2.,  another  type  of  cognitive  style,  defined 
by  Kaufmann  (1979),  has  been  consider^. 

So,  the  following  questions  were  considered  : 

1 .  To  what  extent  can  subjects  vary  their  behavior  to  adapt  themselves 
to  a  situation  that  requires  variability  ? 

2.  Does  variability  training  faciliute  the  subjects’  adaptation  in  a 
situation  in  which  only  thrw  sequences  are  reinforced  ? 

3.  Are  the  subjects’  behaviors  different  depending  upon  their  level  and 
their  type  of  educational  background  on  one  hand,  and  their  cognitive 
style  "Assimilator  -  Explorer",  on  the  other  hand  ? 

5.2.2.  METHOD 

5.2.2.I.  SublgglS : 

69  male  subjects  were  chosen  among  the  militiamen  present  in  a 
training  center  of  the  Belgian  Army  ( Centre  d'insiniction  de  S  AIVE  )  on 
February  1,  1988.  By  applying  to  this  population,  we  hoped  to  easily 
constitute  a  sample  of  subjects  with  constrasted  types  and  levels  of 
educational  background.  Their  age  were  ranpng  from  18  to  27  years. 
They  came  from  3  squads,  without  any  particular  characteristics,  and 
were  selected  on  the  basis  of  their  availabilitv. 

The  subjects  were  distributed  into  2  categories  as  a  function  of  their 
type  of  school  education;  into  3  categories  as  a  function  of  their  level  of 
school  education  and  into  3  categories  as  a  function  of  their 
socio-economical  origins. 
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1. 


Types  of  School  Education  -  Variable  1  (VAR  1) 

Our  sample  had  to  be  roughly  divided  into  2  categories  in  order  to 
obtain  categories  with  sufficient  and  comparable  effectives  : 

-  Studies  of  Technical  Type  m  : 

These  subjects  had  received  a  training  linked  to  the  transformation  of 
the  maner  or  of  materials.  Their  studies,  according  to  their  level,  had 
generally  given  a  great  pan  to  courses  of  Mathematics  and  of 
Physics: 

e.g.  lathe  operator,  metal  fitter,  electrician,  engineer,  chemist, ... 

-  Studies  of  Non-Technical  Type  (Non-Tl  ; 

These  subjects  were  more  oriented  towards  the  social  sphere  and  the 
services,  or  they  were  "people-oriented"  : 

e.g.  social  worker,  tourism  worker,  historian,  lawyer,  salesman, ... 

2 .  Levels  of  School  Education  -  Variable  2  (VAR  2) 

The  highest  level  of  school  education  of  each  subject  was  taken  into 
account. 

-  Lower  Level  (LI  :  Elementary  School  degree.  Secondary  School 
(inferior  degree), ... 

-  Medium  Level  CM) :  Secondary  School  (superior  degree), ... 

-  Upper  Level  (Ul :  University  Studies  or  equivalent  studies. 


HI 

L 

M 

U 

TOTAL 

T 

15 

12 

12 

39 

Non-T 

6 

8 

16 

30 

TOTAL 

21 

20 

28 

69 

x2  =  4.186  df  =  2  P<0.123 

Table  :  Subjects'  distribution  as  a  function  of  type  and  level  of  school  education 


3.  Socio-  Economical  Origin  -  Variable  3  (VAR  3) 

The  subjects'  socio-economical  origin  was  determined  on  the  basis 
of  the  parents'  profession  and  level  of  school  education.  Our  categories 
were  derived  from  those  of  LAUTREY  (1980,  p.l24). 

The  parent  with  the  highest  level  of  school  education  or  with  the 
upper  profession  was  taken  into  account . 
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-  Category  A  :  Subject’s  fatncr  or  mother  was  an  unskilled  worker,  a 
maintenance  worker  or  had  an  Elementary  School  degree. 

-  Category  B  :  Subject’s  father  or  mother  was  an  office  worker,  a 
shopkeeper,  or  had  a  Secondary  School  degree. 

-  Category  C  :  Subject’s  father  or  mother  was  an  executiye, 
professor,  lawyer,  doctor,  etc  or  had  Uniyersity  or  equiyalent 
education. 


3 

CAT.  A 

CAT.  B 

CAT.  C. 

TOTAL 

VAR  1 

T 

20 

14 

5 

38 

Non-T 

2 

17 

11 

30 

TOTAL 

22 

31 

16 

69 

X  2=  18,514  df=2  P< 0.000 

Table  3.2. :  subjects'  distribution  as  a  function  of  level  of  school  education  and  of  socio-  economical  origin. 


"^VAR  3 
VAR2\,.,^^ 

CAT.  A 

CAT.  B 

CAT.C 

TOTAL 

L 

11 

9 

1 

21 

M 

7 

11 

2 

20 

U 

4 

11 

13 

28 

TOTAL 

22 

31 

16 

69 

X2  =  17.974  df  =  2  P<  0.001 

Table  3.3. ;  subjects'  distribution  as  a  function  of  level  of  school  education  and  of  socio-economical  ongin. 

While  the  yariables  type  and  level  of  school  education  are  presumably 
independant,  they  arc  both  linked  to  the  variable  origins. 

Subjects  with  the  lowest  socio-economical  origin  (cat.  A)  had  nearly 
always  chosen  studies  of  technical  type  and,  in  half  the  cases,  of  low 
level.  Subjects  of  middle  origin  (cat.  B)  were  distributed  in  a  similar 
manner  among  all  the  categories.  Proportionally  more  subjects  whose 
origin  belong  to  the  upper  category  (cat.  C)  are  found  in  the 
non-technical  type  of  school  education.  The  great  majority  of  them  had 
followed  university  or  equivalent  studies. 
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These  facts  must  be  kept  in  mind  in  the  analysis  of  subjects'  results 
as  a  function  of  their  type  and  of  their  level  of  school  education,  these 
variables  (particularly  for  the  extreme  categories  of  the  variable  3)  being, 
at  least  in  part,  undissociable  of  the  subjects'  socio-  economical  origin. 

5. 2. 2.2.  Materials  and  Procedures 
-  Visual  Matrix  Task  : 

The  same  matrix  types  than  in  experiment  2  were  used  :  the  normal 
matrix  (N),  the  normal  matrixes  with  differential  reinforcement  (D  and 
D  jq),  and  the  matrix  with  prescribed  sequences  (C). 

Subjects  were  divided  into  2  experimental  groups  matched  as  far  as 
possible,  for  type  and  level  of  school  education  and  they  were 
individu^ly  submitted  to  4  sessions  of  50  trials  each,  in  a  room  of  their 
barracks.  Each  militiaman  was  seen  only  one  time  because  of  their 
hourly  constraints. 


NNNC 

NDDioC 

TOTAL 

1.  TYPES 

T 

21 

18 

39 

Non-T 

15 

15 

30 

L 

10 

11 

21 

2.  LEVELS 

M 

13 

7 

20 

U 

13 

15 

28 

A 

9 

13 

22 

3.  ORIGINS 

B 

19 

12 

31 

C 

8 

8 

16 

TOTAL 

36 

33 

69 

Table  i.4.  ;  Subjects’  distribution  as  a  function  of  type  and  level  of  school  education  and  of  socio-economical 
origin,  in  each  experimental  group. 


;  "Assimilator-Explorcr"  cognitive  style 


5.2.3. 


RESULTS 


5. 2.3.1.  Visual  Matrix  Task : 

Means  and  standand  deviations  of  each  index,  for  each  experimental 
group  and  for  each  type  and  level  of  study,  can  be  found  in  Appendix  3 
(Tables  3.1  to  3.10,  pp  98-107). 

5. 2. 3. 1.1.  Performance  and  variability  in  N  global  and  in  each  session  of  each 
experimental  group,  as  a  function  of  socio-professionnal  variables  : 

For  each  index.  Three-way  ANOVA  ffvpe.  level,  origini  have  been 
performed  for  N  in  first  session  for  the  global  population  (N  global) 
and  for  each  session  of  each  experimental  group,  in  order  to  get  a 
general  view  of  the  influence  of  each  socio-professional  variable  and 
of  their  interactions. 

Only  the  comparison  of  subjects  as  a  function  of  their  type  of  studies 
(VAR  1)  has  a  significant  effect  for  all  relevant  indices  in  N  global,  and 
for  some  indices  in  several  sessions  of  the  experimental  groups. 

The  level  of  studies  (VAR  2)  rarely  shows  a  significant  effect  (only 
in  the  last  session  of  the  experimental  group  N  D  Djg  C)  and  the  origins 

(VAR  3)  has  no  signifiant  effect.  No  significant  interaction  effect  is 
observed  between  the  3  variables. 

Two-way  ANOVA  (type  x  level  of  school  education)  performed  for 
N  global  and  for  each  session  of  each  experimental  group,  give 
similar  results  (see  Tables  3.1 1  -  3.12  in  Appendix  3  pp  108-109) 

It  has  been  decided  to  leave  out  \  riable  3  in  the  analysis  of  results. 
But  it  must  not  be  forgonen  that  this  variable  is  linked  to  the  other  two, 
as  noticed  in  the  description  of  the  population.  We  have  to  take  into 
account  that,  for  the  variable  1,  nearly  all  the  subjects  with  the  lowest 
origins  (CAT  A)  have  chosen  studies  of  technical  type  (T)  and  that  they 
represent  half  the  subjects  in  the  category  T.  For  variable  2,  we  must 
retain  that  the  great  majority  of  the  subjects  with  the  highest  origins  also 
have  the  highest  level  of  school  education  and  that  half  of  the  subjects 
with  the  lowest  origins,  also  have  the  lowest  level  of  school  education. 

-  Performance  and  variability  as  a  function  of  TYPE  of  school 
education: 

Student  T-tests  for  independent  samples  were  used  to  compare  the 
values  of  each  index,  as  a  function  of  both  types  of  school  education, 
for  N  global  and  for  the  same  session  of  the  same  experimental  group 
(see  Tables  3.13-3.14  in  Appendix  3  pp  110-111) 


186 


/ 


/ 


-  N  global : 

Performance : 

For  all  the  population  in  N  in  the  first  session,  the  performance  of 
subjects  with  non-technical  school  education  is  significantly  higher  than 
the  performance  of  subjects  with  technical  school  education 
(respectively,  %  CS  :  95.20  %  >  89.05  %). 

Variability  : 

All  the  indices  assessing  the  sequences  variability  indicate  that 
subjects  with  technical  training  are  significantly  more  variable  than  those 
with  non-technical  training.  TTus  higher  spontaneous  variability  among 
the  population  T  is  found  for  correct  sequences  as  for  incorrect 
sequences  (respectively,  %  DS  :  (Non-T)  72  %  >  (T)  56,72  %  ; 
NCS  :  4.80  <  6.56;  MS  :  2.27  <  3.33  ;  UiSl :  1-33  <  2.07;  H 
(CSl  :  1.02  <  1.59;  UHSl  :  0.88  <  1.45)  (with  ">"  =  ’'superior  to" 
and  "<"  =  "inferior  to"). 

It  is  important  to  note  that  these  differences  as  a  function  of  type  of 
study  disappear  for  the  subjects  with  an  upper  level  of  study 

-  Experimental  group  NNNC  : 

For  each  index,  mean  values  as  a  function  of  type  of  school 
education  and  of  session,  are  showed  in  figure  3.1.  (p.  188). 

Performance : 

The  performance  of  the  population  Non-T  is  at  once  very  high.  It 
always  stays  higher  (significantly  for  the  sessions  1  and  2)  than  the 
performance  of  the  f)opulation  T,  which  increases  from  the  first  to  the 
third  session. 

In  the  last  session,  when  the  situation  is  complicated  by  the 
reinforcement  of  only  3  sequences  that  are  rarely  spontaneously  emited, 
the  performance  (NSC  x  2  ;  (Non-T)  42.80  %  <  (T)  53,52  %) 
decreases  for  both  types  of  subjects,  but  especially  for  the  population 
Non-T  .  If  all  the  subjects  need  more  trials  to  find  out  an  appropriate 
sequence,  subjects  with  non-technical  training,  particularly  ,  produce 
more  incorrect  sequences. 

Variabilixy : 

The  level  of  variability  (of  correct  and  incorrect  sequences)  of  the 
population  T,  that  is  significantly  the  highest  level  in  first  session, 
progressively  gets  close  to  the  level  of  variability  of  the  population 
Non-T.  The  variability  of  subjects  with  non  -  technical  education  stays 
nearly  stable  during  the  first  3  sessions  (except  a  little  decrease  of  the 
incorrect  sequences  variability  from  the  first  to  the  second  session). 

The  dominant  sequences  (DS)  distributions,  as  a  function  of  session 
and  of  type  of  school  education  were  examined  (see  table  3.5.,  p.  190) 
(X^  reveals  no  significant  difference  as  a  function  of  type  of  school 
education).  Comer  sequences  are  chosen  by  the  majority  of  subjects, 
followed  by  diagonal  sequences. 
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The  matrix  C  prcxiuces  an  increase  of  the  variability  of  correct 
sequences.  The  incorrect  sequences  variability  also  increases  among 
subjects  with  technical  education  (reaching  a  level  close  to  the  one  of  the 
first  session),  but  this  increase  is  more  pronounced  among  subjects  with 
non-technical  education. 

Almost  all  the  subjects  adopt  one  of  the  reinforced  sequences  as  DS, 
showing  that,  in  general,  they  understand  the  rule  of  the  task  in  C.  This 
comprehension  is  preceded  by  an  increase  of  their  behavioral  variability, 
when  they  are  searching  for  a  solution  to  the  task.  The  subjects  of  the 
population  T,  who  are  at  once  less  good  performers  but  more  variable  in 
the  first  three  sessions,  prove  to  be  a  little  more  efficient  in  this  search. 


TYPE  (VAR  1) 


DS 

N 

N 

N 

c 

1 

15 

14 

14 

CORNER 

71.43 

70 

66.67 

0 

2 

2 

5 

5 

1 

DIAGONAL 

9.52 

25 

23.81 

4.76 

3 

3 

1 

1 

OTHER 

14.29 

5 

4.76 

0 

4 

INCORRECT 

0 

0 

0 

0 

5 

I 

1 

20 

CONSTRAINT 

4.76 

0 

4.76 

95.24 

1 

9 

9 

11 

1 

CORNER 

60 

64.29 

73.33 

6.67 

2 

4 

4 

4 

DIAGONAL 

26.67 

28.57 

26.67 

0 

3 

2 

1 

OTHER 

13.33 

7.14 

0 

0 

4 

1 

INCORRECT 

0 

0 

0 

6.67 

5 

13 

CONSTRAINT 

0 

0 

0 

86.67 

s' ON  - 

rECHNTCAL 


Table  3.5. :  Absolute  and  relative  frequencies  of  DS  types  as  a  function  of  session  and  of  type  of 
school  education,  in  the  group  NNNC. 


-  E^^rimental  group  N  D  C : 

Figure  3.2.  (p.  192)  shows  mean  values  for  each  index,  as  a  function 
of  type  of  school  education  and  of  session. 

Performance : 

The  population  Non-T  j.^orm  slightly  better  in  N  in  first  session 
than  population  T,  but  this  difference  is  less  pronounced  than  in  the 
group  NNNC.  For  all  subjix  ' the  %  CS  increases  from  the  first  to  the 
third  session,  despite  the  re^^uirement  of  variability. 

Like  in  experiment  2,  we  consider  here  the  indices  that  correspond  to 
the  number  of  reinforcement  in  the  matrixes  O,  Djq  and  C  (Table  3.6.). 


N 

D 

J^io 

C 

T 

87.33 

68.00 

47.78 

56.88 

Non  -  T 

90.80 

70.76 

56.26 

52.66 

Tabic  3.6  ;  Percentages  of  reinforcement  as  a  function  of  session  and  of  type  of  school  education,  in 
the  group  NDDjo  C. 


I  In  D  and  Djg,  results  are  similar  for  the  two  populations  :  NSD2  and 

NSDjq  respectively  increase,  but  the  percentages  of  reinforcement  are 

lower  than  those  obtained  in  N  in  first  session. 

The  same  comments  as  in  Experiment  2  can  be  made  :  subjects  do 
not  perfectly  adapt  Lhemselves  to  the  peculiar  variability  requirements, 
even  if  their  results  show  that  they  perceive  a  modification  of  the 
contingencies  between  the  second  and  the  third  session. 

As  expected,  NSC  increases  in  the  fourth  session.  Although  the  9c 
CS  remain  very  high,  the  percentage  of  reinforcement  (only  a  bit  higher 
than  50  %)  let  suppose  that  many  trials  are  necessary  to  grasp  the  rule  in 
C. 

Variability : 

The  significant  differences  of  variability  that  have  been  observed 
betweenthe  two  populations  types,  in  the  first  session  of  the  group 
,  N"NNC,  do  not  appear  here.  This  can  probably  be  attributed  to  a  sample 

effect :  in  the  group  NDDjqC,  subjects  with  non-technical  training  show 

at  one  poorer  performance  and  they  are  more  variable  than  in  the  other 
experimental  group.  But,  results  concerning  differences  between  both 
types  of  subjects  in  NNNC  must  be  considered  with  some  caution,  as 
emphasize  i  above. 
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TTie  matrixes  D  and  Djq  produce,  as  usual,  an  increase  in  general 

variability,  which  can  be  explained  by  the  increase  in  variability  of 
correct  sequences.  More  than  75  %  of  the  possible  correct  sequences  are 
employed  in  DjQ.  The  incorrect  sequences  variability  progressively 

decreases  during  the  first  3  sessions. 

In  D  and  Djq,  the  variability  of  both  populations  evolves  in  a  similar 

way.  Distributions  of  D.S.  types  (see  Table  3.7.  p.  194)  are  nearly 
identical  in  N  and  in  D.  TTie  majority  of  subjects  choose  comer 
sequences  as  DS.  The  matrix  D|o  entails  a  modification  of  these 

distributions :  subjects  prefer  here  "other"  DS.  This  contributes  to  the 
greater  variability  obtained  with  this  matrix. 

The  matrix  C  leads  to  a  reduction  of  the  general  variability,  in 
comparison  with  the  variability  in  D  and  esfiecially  in  Diq,  but  the  level 

of  the  correct  sequences  variability  remains  higher  than  in  N  in  fu-st 
session.  It  surely  reflects  the  period  of  adaptation  (search  for  a  solution) 
to  the  task  in  C. 

Distributions  of  D.S.  types  show  that  nearly  all  the  subjects  of  both 
populations  take  one  of  the  three  reinforced  sequences  as  D.S.  It 
confuTOS  that  the  great  majority  of  them  succeed  in  mastering  the  task 
(more  or  less  rapidly). 
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TYPE  (VAR  1) 

DS 

N 

N 

N 

C 

1 

9 

8 

6 

CORNER 

50 

44.44 

33.33 

0 

2 

5 

5 

3 

1 

DIAGONAI. 

27.78 

27.78 

16.67 

5.56 

3 

4 

5 

8 

1 

TECHNICAL 

OTHER 

22.22 

27.78 

44.44 

5.56 

4 

INCORRECT 

0 

0 

0 

0 

5 

1 

16 

CONSTRAINT 

0 

0 

5.56 

88.89 

'  1 

CORNTR 

NON  - 

2 

DIAGONAL 

TECHNICAL 

3 

OTHER 

4 

INCORRECT 

5 

CONSTRAINT 

2 

13.33 


4 

26.67 


8 

53.33 


13 

86.67 


Table  3.7.  Absolute  and  relative  frequencies  of  DS  types  as  a  function  of  session  and  of  type  of 
school  education,  in  die  group  NDDjoC. 
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-  Performance  and  variability  as  a  function  of  LEVEL  of  school 

cdugapon : 

Means  and  standard  deviations  for  each  index  in  N-global  and  in  each 
session  of  each  experimental  group,  as  a  function  of  level  of  school 
education  can  be  found  in  Appendix  3  (Tables  3.5  to  3.10,  ppl02-107). 

One-Way  ANOVA  (Level)  and  Newman-Keuls  test;  (NK)  were  used 
to  compare  the  values  of  each  index  as  a  function  of  the  level  of 
school  education,  in  N  global  and  in  each  session  of  each 
experimental  group. 

The  differences  as  a  function  of  level  of  school  education  are 
significant  only  in  the  fourth  session  of  the  experimental  group  NDDjqC 

for  the  following  indices  : 


-  DS  :  F(2,32)  =  3.13,  p  =  .05;  NK  :  NS 


-  U(CS)  :  F(2,32)  =  3.80,  p  =  .03;  NK  :  M  signifi.antJy  superior  to 
U  with  p  <  .05 

-  NSD2  :  F(2,32)  =  4.67,  p  =  .01;  NK  ;  M  >  U 

-  NSDjo  ;  F(2,32)  =  3.23,  p  =  .05;  NK  :  M  >  U 

In  the  fourth  session  of  this  experimental  group,  subjects  with 
medium  level  of  study  receive  less  reinforcements  Lhan  the  others 
(particularly  in  comparison  with  subjects  of  the  category  U)  and  they  are 
the  most  variable  with  regards  to  correct  sequences.  However,  these 
differences  observed  in  C  as  a  function  of  level  of  study,  cannot  be  put 
in  relation  with  any  particular  behavior  during  the  previous  sessions  (in 
N,  D  and  Djq,  there  is  no  difference  as  a  function  of  level  of  study). 


5. 2. 3. 1.2.  Comparison  of  the  two  experimental  groups,  in  each  rv'pe  of  school 
education: 

Only  results  as  a  function  of  type  of  school  education  are  taken  here 
into  account,  since  this  variable  is  the  only  one  which  allow  to 
significantly  differentiate  the  subjects. 

-  Comparison  of  behaviors  in  N  in  first  session  : 

For  each  index.  Two-Way  ANOVA  (experimental  grpur  X  type  of 
school  education)  in  the  first  session  (see  Table  3.15  in  Appendix  3. 
p  112)  were  completed  by  students  T-tests  (experimental  group)  >n 
first  session,  for  the  global  population  (see  Table  3.16  in  Appendix 
3.  pll3). 

Two-way  ANOVA  reveals  significant  effects  of  the  factor  Group  for 
the  indices  relative  to  the  variability  of  incorrect  sequences  (NIS  and  U 
(IS)).  Significant  effects  of  interaction  between  the  two  variables  are 
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obtained  for  the  indices  relative  to  the  general  variability  (%  DS  and 
U  (S))  and  to  the  variability  of  correct  sequences  (NCS  and  U  (CS)). 
It  means  that  the  2  experimental  groups  may  not  be  considered  as 
equivalent  (sampling  effects). 

All  the  subjects  in  the  group  NNNC  perform  better.  They  produce 
therefore  less  different  incorrect  sequences  than  subjects  in  the  group  N 
D  DjqC  (as  confirmed  by  the  student  T-Test).  Both  population  types 

are  at  once  more  differentiated  in  the  group  NNNC,  principally  because 
the  most  stereotyped  subjects  of  the  population  Non-T  belong  to  this 
experimental  group.  On  the  contrary,  results  of  the  group  NDDiqC  do 

not  enable  to  differenciate  the  two  types  of  populations. 

-  Comparison  of  behaviors  in  N  and  D.  in  second  session  ; 

Figure  3.3.  (p.  197)  presents,  for  each  index,  mean  values  as  a 
function  of  type  of  school  education  and  of  matrix  type  (N  and  D),  in  the 
second  session. 

Two-way  ANOVA  {Matrix X  Type)  does  not  reveal  any  effect  due  to 
type  of  school  education,  (see  Table  3.17  Appendix  3  p  114). 

As  in  the  experiment  2,  the  factor  Matrix  has  significant  effects  on 
indices  relative  to  the  general  variability,  to  the  variability  of  correct 
sequences  and  on  NSD2.  Significant  effects  obtained  for  the  variability 

of  incorrect  sequences  must  be  put  in  relation  with  differences 
pre-existing  between  the  2  experimental  groups.  (The  incorrect 
sequences  variability  in  first  session  is  more  important  in  the  group 
NDDjqC  than  in  the  other  group  (sampling  effect).  In  second  session, 

it  stays  higher  in  the  group  NDDjqC  than  in  the  other  group.  So,  in 

second  session,  the  difference  between  the  2  experimental  groups  with 
regard  to  the  incorrect  sequences  variability  cannot  be  attributed  only  to 
the  factor  Matrix  in  itself). 

The  two  types  of  matrix  within  each  population  (T  and  Non-T)  have 
also  been  compared  (student  T  -  Tests  (Matrix)  :  see  Table  3.18 
Appendix  3  p  115). 

Results  show  that  all  the  subjects  are  able  to  adopt  more  variable 
behaviors  when  it  is  required,  independently  of  their  type  of  school 
education. 

Distributions  of  D.S.  types  do  not  differ  as  a  function  of  Matrix  type 
(Table  3.5.,  p.  190  and  Table  3.7.,  p.  194). 

-  Effects  of  pre-training  on  the  behavior  in  C  (fourth  session) : 

Figure  3.4.  (p.  198)  presents,  for  each  index,  mean  values  as  a 
function  of  type  of  school  education  and  of  pretraining  tyjje,  in  C  (fourth 
session). 


Fig  3.  3.  For  each  index,  mean  values  as  a  function  of  type  of 
school  education  and  of  matrix  type  (N  and  D), 
in  the  second  session 


For  each  index,  mean  values  as  a  function  of  type  of 
school  education  and  of  pre- training  type, 
in  C  (fourth  session) 


Two-way  ANOVA  rPre-training  X  Type  of  school  educarion'l  reveals 
significant  effects  of  both  factors  on  the  %  CS  and  on  NIS,  and  of  the 
factor  Pre-Training  on  U(IS)  (see  Table  3.19  in  Appendix  3  pi  16). 

In  both  experimental  groups,  the  population  T  produces  less  incorrect 
sequences  and  has  a  better  performance  than  the  population  Non-T  (in 
NNNC:  (T)  53.52  %  >  (Non-T)  42.80  %;  in  NDDjqC  :  (T)  56.88  %  > 

(Non-T)  52.66  %). 

As  in  the  first  session,  the  difference  between  the  2  types  of 
population  is  less  pronounced  in  the  experimental  group  NDDjqC. 


The  comparison  of  subjects  as  a  function  of  their  pre-training  within 
each  population  (student  T-test  (pre-training)  :  see  table  3.20  in 
Appendix  3,  p  117),  shows  that  the  variability  training  results  in  a 
slightly  better  performance  in  C  (subjects  produce  less  incorrect 
sequences).  However,  this  effect  is  not  significant. 

In  fact,  the  examination  of  the  50  sequences  emitted  by  some  subjects 
of  the  group  NDDjqC  in  the  fourth  session,  let  think  that  the  variability 

training  can  have  a  facilitating  or  a  disturbing  effect  on  the  performance 
in  C,  depending  on  subjects.  Some  subjects  who  have  received  this 
training  have  not  directly  perceived  the  modification  of  contingencies  and 
have  continued  to  vary  as  before,  even  when  they  had  emitted  one  of  the 
three  appropriate  sequences.  Other  subjects  tend  to  repeat  the  sequence 
which  has  been  reinforced,  maybe  to  test  if  they  are  or  not  submitted  to 
the  same  contingencies.  On  the  other  hand,  it  seems  that  subjects  of  the 
group  NNNC  need  a  few  more  trials  to  find  one  of  the  appropriate 
sequences  than  the  subjects  of  the  group  NDDjqC  (subjects  of  the  group 

NTWC  emit  one  of  the  three  appropriate  sequences  for  the  first  time  at 
the  trial  number  2Q;  subjects  of  the  group  NDDjqC  do  it  at  the  trial 

number  12). 

5.2. 3. 1.3.  Relation  between  spontaneous  behaviors  and  behaviors  observed  in 
laner  sessions 

Given  the  importance  of  the  inter-individual  variations  of  behavior, 
an  other  type  of  analysis  has  been  used.  In  order  to  determine  the 
specific  asp>ects  of  the  spontaneous  behavior  that  arc  related  to  behaviors 
observed  in  later  sessions,  correlations  were  computed  between  the 
indices  of  performance  and  of  variability  in  first  sesssion  {%  CS  and  U 
(CS))  and  the  indices  of  performance  and  variability  in  D,  Djq  and  C 

(NSD2.  NSDjq,  NSC  and  U  (CS)). 

The  following  points  can  be  made; 

-  the  %  CS  in  first  session  is  significantly  correlated  with  the  %  CS 
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in  D  (p  =  .50,  p  =  .002)  and  with  the  %  CS  in  Djq  (p  =  .49,  p  = 

.003)  but  not  with  the  %  CS  in  C  (p  =  .29,  p  =  .29). 

-  the  %  CS  is  first  session  is  significantly  correlated  with  NSD2  in  D 

(p  =  .38,  p  =  ,04)  and  with  NSDjq  in  Djq  (p  =  .41,  p  =  .01)  but  is 

not  related  with  the  NSC  in  C  (p  =  .08,  p  =  .63). 

-  the  %  CS  in  first  session  is  significantly  correlated  with  U  (CS)  in 

Dio  (P  ~  P  “  002)  but  not  with  U  (CS)  in  D  (p  =  .2,  p  =  .26) 

or  in  C  (p  =  .07,  p  =  .66). 

-  U  (CS)  in  first  session  is  not  correlated  with  U  (CS)  in  D,  Diq  or 

C. 

These  results  clearly  show  that  it  is  the  capacity  to  master  the  task  - 
and  not  the  level  of  spontaneous  variability  -  tlut  is  tied  to  the  capacity  to 
adequately  adapt  oneself  to  the  precise  requirements  of  variability. 

On  other  hand,  the  subjects'  behaviors  in  C  cannot  be  put  in  relation 
with  their  previous  behaviors  (results  arc  similar  for  the  experimental 
group  HNNO. 

These  results  are  akin  with  one  of  the  conclusions  of  experiment  1  : 
the  potentialities  for  variation  (and  thus  the  capacity  of  adaptation) 
depend  upon  the  mastery  of  a  set  of  basic  behavioral  units  (notably,  in 
this  case,  the  capacity  to  master  the  functioning  rules  of  the  matrix). 

5, 2. 3. 2.  Task  of  Kaufmann 

5. 2. 3. 2.1.  Description  of  results  : 

If  a  subject  used  the  standard  principle  throughout  the  6  test 
problems,  he  was  placed  in  the  Assimilator  category.  If  he  employed  one 
or  more  deviant  solution-alternatives,  he  was  categorized  as  Explorer. 

According  to  the  definition  of  this  cogintive  style,  we  should  expect  a 
significantly  higher  number  of  Explorers  who  find  the  solution  to  the 
problem  7  (which  cannot  be  solved  by  the  standard  principle),  as 
compared  to  the  Assimilators. 

Indeed,  14  subjects  (46.67  %)  on  the  30  subjects  in  the  Assimilator 
category  were  not  able  to  solve  this  simple  problem  within  a  3-minute 
period.  Among  the  38  subjects  in  the  Explorer  category,  only  one 
subject  failed  to  solve  problem  7.  As  showed  in  the  Table  3.8.,  the 
relation  between  the  subjects'  cognitive  style  and  the  success  in  ^he  last 
problem,  is  confijmed  independently  of  the  number  of  successful 
test-problems  (X^  =  19.127,  df  =  3,  p  =  0.000).  These  results  are 
similar  to  those  obtained  by  Kaufmann. 
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SUCCESS  TO  THE  TEST-PROBLEMS 
AND  TO  THE  PROBLEM  7 

COGNmVE  STYLE 
Aaimilaior  Explorer 

Iptal 

Subjects  who  solve  the  6  test-problems 
aiid  the  last  problem 

11  27 

36.67  71.05 

38 

Subjects  who  solve  the  6  test-problems 
but  not  the  last  problem 

9  1 

30.00  2.63 

10 

Subjects  who  do  not  solve  the  totality  of 
the  6  test-problems  but  success  the 
last  problem 

5  10 

16.67  26.32 

15 

Subjects  who  solve  neither  the  totality  of  the 

6  test-problems  nor  the  last  problem 

5  0 

16.67  0.00 

5 

Total 

30  38 

TaMe  3.8.  :  Absolute  and  relative  frequencies  of  subjects  as  a  function  of  their  success  in  the 
test-problems  and  in  the  last  problem. 


The  results  have  been  analysed  with  respect  to  level  and  type  of 
school  education.  No  difference  was  found  as  a  function  of  the  subjects’ 
type  of  study.  As  shown,  in  table  3.9.,  the  number  of  problems 
successfully  solved  is  significantly  related  to  the  level  of  study  (X'^  = 
9.887,  df  =  4,  p  =  0.048). 


NUMBER  OF  PROBLEMS 

— 

LEVEL  OF  STUDY 

SUCCESSFULLY  SOLVED 

Low 

Medium 

UpF>er 

Total 

2  to  5 

7 

2 

2 

11 

33.33 

10.00 

7.14 

6 

7 

7 

6 

20 

33.33 

35.00 

21.43 

7 

7 

11 

20 

38 

33.33 

55.00 

71.43 

Total 

21 

20 

28 

Table  3.9.  :  For  each  level  of  study,  absolute  and  relative  frequencies  of  subjects  in  each  of  3  classes 
of  performance  (based  on  number  of  problems  successfully  solved  at  ‘he  Kaufmann's  task). 


There  is  a  higher  percentage  of  Assimilatoi >  '60  %)  among  subjects 
with  a  low  level  of  study  than  among  subjects  with  a  L-.edium  or  upper 
level  of  study  (35  %  and  39.29  %,  respectively).  However,  the  relation 
IS  .‘ioi  significant. 

I:  is  also  among  the  subjects  with  a  low  level  of  study  that  the 
greatest  imber  of  subjects  (45  %)  who  fail  to  solve  I’le  ’ast  problem  is 
found  (against  20  %  of  the  subjects  M  and  7.14  %  of  the  subjects  U). 

5.2. 3, 2.2.  Relations  between  the  subjects’  cognitive  style  and  performance  and 

variability  indices : 

In  each  experimental  group,  subjects  have  been  separated  in  two 
sub-groups  as  a  function  of  their  congitive  style  and  the  mean  results  of  I 

these  two  sub-groups  for  session  2,  3  and  4  of  each  experimental  group 
have  been  computed  (for  the  first  session  (N  global),  subjects  of  the  two 
experimental  groups  were  gathered). 

Results  can  be  found  in  Appendix  3,  tables  3.21,  3.2*.  and  3.23,  pp 
118-120.  (For  each  index.  Student  T-tests  (cognitive  stvlel  were  used  in 
N  global  and  in  the  sessions  2,  3  and  4  of  each  experimental  group). 

Only  very  slight  differences  between  the  2  r^s  of  subjects  were 
found  :  in  N  global  and  in  the  sessions  2  and  3  of  group  NNNC,  the 
Explorers  tend  to  be  a  little  more  variable  with  regard  to  the  correct 
sequences  than  the  Assimilators  To  the  contrary,  the  reverse  tendency  is 
observed  with  the  matrixes  which  request  variability  (D  and  Djq).  For 

these  matrixes,  the  Explorers  tend  to  be  more  variables  in  incorrect 
sequences  (the  differences  are  significant  only  in  D^q,  for  the  following 

indices  :  MS  :  t  =  -2.09,  p  <  .05;  U(IS)  :  t  =  -2.66,  p  <  .05).  In  the  last 
session  for  both  experimentai  groups  (C),  the  behaviors  of  the  2  types  of 
subjects  are  similar. 

5.2.4.  CONCLUSIONS  OF  EXPERIMENT  3 

Globally,  results  of  this  experiment  are  similar  to  those  of 
Experiment  2,  with  regard  to  adults'  behaviors  in  each  matrix  type. 

As  usual  in  the  normal  situation  (N),  subjects  have  a  good 
performance.  It  is  in  this  situation  that  the  variability  of  correct 
sequences  is  the  lowest.  However,  subjects  keep  always  a  certain  level 
of  variability. 

When  the  reinforcement  contingencies  demand  it,  subjects  produce 
more  variability  and  the  level  of  variability  that  they  reach  with  the  matrix 
Djq  is  theoretically  sufficient  to  allow  them  to  meet  these  contingencies 

(they  produce  75  %  of  the  possible  correct  sequences).  But  like  in 
Experiment  2,  they  have  difficulties  to  adapt  to  this  situation  (they  obtain 
a  low  percentage  of  reinforcement  in  Djq). 

As  in  previous  experiment,  low  performance  is  observed  in  matrix  C. 

A  variability  training  entails  a  slightly  better  performance  when  defined 
behaviors  are  requir^  from  the  subjects  (C).  However,  as  noted  before, 
the  examination  of  the  50  sequences  emitted  by  some  subjects  of  the 
group  NDDjqC  in  the  fourth  session,  let  think  that  the  variability 
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group  NDDjoC  in  the  fourth  session,  let  think  that  the  variability 

training  can  have  a  facilitating  or  a  disturbing  effect  on  the  performance 
in  C,  depending  upon  the  subjects.  For  some  subjects,  a  training  in  D, 
would  facilitate  the  adaptation  to  the  matrix  C  by  increasing  the 
probabilities  to  emit  more  rapidly  one  of  the  three  appropriate  sequences. 

On  an  other  side,  some  results  clearly  show  that  the  capacity  to 
master  the  task  in  the  first  session  -  and  not  the  level  of  spontaneous 
variability  -  is  tied  to  the  capacity  to  efficiently  adapt  oneself  to  the 
precise  requirements  of  variability. 

This  is  akin  with  a  hypothesis  emitted  in  Experiment  1  :  even  within  a 
population  of  adults,  the  potentialities  for  variation  are  dependent  upon 
the  mastery  of  a  set  of  basic  behavioral  units.  In  the  situation  used,  it 
refers  to  the  capacity  to  master  the  functioning  rules  of  the  matrix. 

While  adults  differ  with  regard  to  their  performance  and  variability  in 
the  Visual  Matrix  Task,  these  inter-individual  differences  cannot  be  put 
in  relation  with  the  subjects’  cognitive  style  "Assimilator-Explorer"  (just 
like  in  the  experiments  1  and  2,  these  differences  could  not  be  put  in 
relation  with  the  subjects’  ’’Imobility  of  thought"  or  their 
"field-dependence  /  independence"  cognitive  style). 

The  level  of  study  does  not  seem  to  be  tied  to  the  performance  or  the 
variability  observed  in  the  Visual  Matrix  Task. 

But,  adaptation  to  the  task  in  the  first  session  seems  to  be  tied  to  the 
type  of  study  :  in  the  first  session,  subjects  who  have  followed  a 
technical  training  perform  poorer  and  arc  more  variable  (with  regard  to 
correct  and  incorrect  sequences)  than  other  subjects.  With  reg^  to  the 
performance,  the  difference  between  the  two  types  of  subject  disappears 
for  subjects  with  an  upper  level  of  study. 

In  Experiment  2,  subjects  of  population  T  performed  poorer  in  N  and 
in  D  than  subjects  of  population  G.  In  this  experiment,  no  significant 
difference  between  the  two  types  of  subject  was  found  in  situations 
which  request  variability  (in  Djq  only,  subjects  with  a  technical  training 

tend  to  perform  slightly  poorer  than  the  other  ones).  However,  it  must 
be  recalled  that  it  is  precisely  in  the  group  NDDjqC  that  the  two  types  of 

subjects  do  not  significantly  differ  with  regard  to  their  p^ormance  in 
the  first  session  and,  if  we  take  into  account  the  relation  obsei^ed 
between  the  performance  in  the  first  session  and  the  performances  in  D 
and  Djq,  this  sample  effect  could  and  Djq  in  this  experiment. 

In  the  two  experimental  groups,  subjects  with  a  technical  educational 
background,  stay  a  bit  more  variable  than  the  other  subjects  and  they 
perform  better  in  the  last  session.  However,  the  differences  are  not 
significant. 
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CHAPTER  6 


CONCLUSIONS 


The  results  of  experiments  reported  here  suggest  that  our 
approach  to  behavioral  variability  bears  upon  ^mensions  of 
behavioral  and  cognitive  processes  that  air  not  dealt  with  by  other 
approaches  to  the  study  of  intelligence,  problem-solving,  mobility  of 
thought,  fluidity  and  the  like  which,  at  first  sight,  might  seem 
conceptually  close  to  ours.  No  significant  relation  has  b^n  found 
between  behavioral  variability  as  assessed  by  our  procedure  and 
relevant  measures  derived  from  procedures  developed  in  some  of 
these  other  approaches.  This  does  not  mean  that  possible  bnks 
between  various  approaches  are  to  be  discarded,  but  it  is  a  strong 
argument  to  proce^  further  along  the  same  lines.  Data  gathered  so 
far  are  admittedly  not  sufficient  to  validate  and  qualify  the  general 
theory  proposed  in  chapter  2.1.  They  are,  however,  sufficient  to 
encourage  further  investigation  within  ^s  firamework. 

Concerning  behavioral  variability,  empirical  results  obtained  with 
adults  and  adolescents  support  the  conclusion  that  stereotypy  is  not 
the  inevitable  outcome  of  reinforcements  even  in  situation,  where 
variability  is  not  required.  Even  though  the  contingent 
reinforcements  produce  some  stereotypy,  the  subjects  always  keep  a 
certain  level  of  variability.  This  is  comparable  to  this  fraction  of 
exploratory  behavior  preserved  in  normal  rats  after  they  reach  an 
asymptotic  level  of  running  time,  upon  which  they  are  by  no  means 
unable  to  improve.  Moreover,  subjects  are  able  to  modify  their 
behavior  to  adapt  themselves  to  nxxiifications  of  the  environment. 

These  points  converge  with  the  conclusions  reached  by  Wong  and 
Peacock  (1986)  when  they  write  -  in  opposition  to  Schwartz  -  "  ... 
behavioral  units  may  not  be  rigid  structures  that  arc  cmined  in  an 
automatic  and  invariant  manner  regardless  of  changes  in 
reinforcement  contingencies.  In  other  words,  stereotypy  does  not 
become  counterproductive  when  the  contingency  is  changed"  (p. 
157). 

Some  of  our  findings  seem  to  support  the  hypothesis  of  the 
differential  reinforcement  of  efficiency  :  the  analysis  of  distributions 
of  dominant  sequence  types  as  a  function  of  matrix  type  shows  that, 
when  no  coherent  landmark  is  available,  the  great  majority  of 
individuals  prefer  diagonal  dominant  sequence.  This  motor  strategy 
is,  in  fact,  the  easiest  way  to  solve  the  problem.  So,  a  great 
proportion  of  individuals  select  as  D.S.  only  the  sequences  that 
maximize  payoff  even  when  other  sequences  have  been  reinforced. 

Results  also  show  that  variability  can  be  induced,  or  reduced,  or 
increased,  by  changing  the  outcomes  for  a  subject  of  his  exhibiting 
variability  and  that  a  pretraining  in  variability  leads  the  subjects  to 
search  for  the  solution  of  a  new  problem-situation,  in  an  adequate 
way. 

To  sum  up,  these  empirical  results  show  that  behavioral 
variability  is  a  property  of  behavior  that  can  be  modulated  by  various 
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external  factors,  and  that  it  is,  indeed,  amenable  to  the  control  by  its 
consequences. 

Data  obtained  with  5-6  y.o.  and  9-10  y.o.  allow  us  to  qualify  and 
complete  these  conclusions.  Parallel  to  the  improvement  of  the 
performance  and  to  the  increase  of  variability  with  age,  the  capacity 
to  adopt  adapted  behaviors  (more  or  less  variable  but  efficient)  to  the 
present  environment  also  increases  as  a  function  of  age. 

These  results  concord  with  those  of  El  Hamadi  (1982)  and 
Hanlon  (1960).  Our  findings  can  also  be  compared  with  those  of 
Botson  and  Deli^ge  (1976)  who  ‘  ave  shown  that  the  capacity  to 
switch  from  one  solution  to  ano  her  in  dealing  with  the  same  problem 
situations  -  of  a  familiar  type  in  Piaget's  procedures  -  increases  as  a 
function  of  age. 

This  allows  to  reject  the  idea  that  creative  behavior  is  only  a 
product  of  some  inborn  endowment 

The  improvement  with  age  of  the  capacity  to  master  the 
functioning  rules  in  the  matrix  task  and  of  the  capacity  to  adopt  a 
more  variable  behavior,  is  akin  with  the  hypothesis  that  the  capacity 
of  adaptation  (and  of  learning)  is  a  function  of  the  potentialities  for 
variation.  These  ones  being  themselves  dependent  on  the  mastery  of 
a  set  of  basic  behavioral  units. 

Supplementary  results,  obtained  with  adults,  concord  also  with 
this  hypothesis.  They  clearly  show  that  the  capacity  to  master  the 
task  in  first  session  is  predictive  of  the  capacity  to  efficiently  adapt 
oneself  to  the  precise  requirements  of  variability. 

It  must  be  noted  that,  whatever  age  poup  is  considered,  the 
subjects'  way  to  react  to  the  initial  conditions  to  which  they  have 
been  exposed  is  itself  much  variable  from  one  individual  to  another. 
Interindividual  differences  seem  to  concur  with  intraindividual 
variability  to  maximize  the  range  of  variations  as  expressed  in  a  given 
population. 

Though  experimenters  are  usually  reluctant  to  venturing  in 
applications  when  empirical  data  arc  still  scarce  and  obviously 
demand  extensions  and  replication,  a  few,  admittedly  speculative 
remarks  are  in  point  as  to  practical  applications.  They  arc,  after  all, 
much  less  speculative  than  popularized  myths  of  inborn  creativity  and 
of  the  deleterious  action  of  any  educational  intervention  on  the 
creative  potential  of  humans. 

It  seems  to  us  counterlogical  to  think  of  variability  in  terms  of 
traits  or  styles  or  types.  If  anything,  it  is  a  functional  property  of 
cognitive  and  behavioral  processes.  As  such,  it  can  be  influenced  by 
a  number  of  perfectly  identifiable  variables,  and,  especially 
important,  it  can  be  increased. 

If  the  role  of  variability  is  recognized  as  the  common  factor  at 
work  from  simple  motor  learning  to  problem  solving  and  to  the 
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production  of  novel  behavior,  be  it  in  unexpected  life  situations  or  in 
artistic  creation,  there  is  no  need  to  oppose  the  realm  of  routine, 
automated,  narrowly  logical  behavior  to  the  realm  of  spontaneous, 
imaginative,  creative  behavior;  the  domain  of  rationality  and 
teachability  and  the  domain  of  unteachable,  supposedly  creative, 
irrationality.  That  man  will  cope  with  change,  as  he  will  be 
confronted  to  it,  who  will  preserve  a  range  of  variation,  upon 
accumulated  highly  trained  skills.  That  man  will  produce  novel 
pieces  of  art  or  science  or  writing  who  will  keep  on  exploring 
potentialities  with  a  background  of  expertise. 

In  the  applied  field  of  education,  as  noted  by  Richdle  (1986,  p. 
1 3)  :  "Loolang  at  learning  /  teaching  in  that  way  of  course  changes 
something  important  in  a  traditional  approach  to  school  education  (or 
training).  Teaching  should  provide  numerous  opportunities  for 
variation.  Teaching  basic  knowledge  that  is  needed  to  build  upon, 
especially  in  science,  should  be  closely  linked  with  training  in 
variability  ..." 

The  role  of  variability  in, solving  problems  under  stress  is 
plousibly  no  less  important.  Maximizing  potentialities  to  adjust  in 
stress  situations  could  be,  essentially,  a  matter  of  keeping  a  range  of 
variations  in  spite  of  the  restricting  effect  of  emotion.  Though,  in  the 
present  repon,  the  relevance  of  Ae  concept  of  variability  has  been 
considered  mainly  in  relation  with  learning,  problem-solving  and 
creativity  -  or  what  could  be  labelled  cognitive  functions  -  ,  it  is 
suggested  that  it  also  offers  interesting  theoretical  prospects  in 
bringing  together  again  emotion  and  cognition.  The  integration  of 
which  has  been  overlooked  by  contemporary  exclusive  emphasis  on 
cognitive  functions. 
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T-tests  for  related  samples,  for  the  3  sessions  of  the  experimental 
group  RDN,  among  the  9- 1 0  y.o. 

TABLE  1.41. :  For  each  index,  levels  of  signification  of  the  Student  46 

T-tests  for  related  samples,  for  the  3  sessions  of  the  experimental 
group  RDN,  among  the  14- 15  y.o. 

TABLE  1.42. :  For  each  index,  levels  of  signification  of  the  Student  47 

T-tests  for  related  samples,  for  the  3  sessions  of  the  experimental 
group  RDN,  among  the  adults 

TABLE  1.43. :  %  CS,  %  DS,  NCS,  NIS,  NSD2  ;  ANOVA  (age  x  48 

matrix)  in  the  first  and  in  the  second  sessions  (after  N) 

TABLE  1.44. ;  U(S).  U(CS).  U(IS).  MTR,  MTL  :  ANOVA  (age  x  49 

matrix)  in  the  first  and  in  the  second  sessions  (after  N) 
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TABLE  1.45. :  %  CS.  %  DS.  NCS.  NIS.  NSD2  :  ■  ANOVA  (maiiix) 

and  Newman-keuls  test  among  the  5-6  y.o..  in  the  first  session 

-  Kniskal- 

Wallis  (matrix)  and  Mann-Withney  test  among  9- 10  y.o.;  14-15  y.o., 

Adults,  in  the  first  session 

(•)  indicates  a  significant  difference  with  P  <  .05 

TABLE  1.46. :  U(S).  U(CS),  U(IS),  MTR,  MTL  :  -  ANOVA  (matrix) 
and  Newman-keuls  test  among  the  5-6  y.o.,  in  the  firs*  session 

-  Kruskal- 

Wallis  (matrix)  and  Mann-Withney  test  among  9-10  y.o.;  14-15  y.o.. 

Adults,  in  the  first  session 

(•)  indicates  a  significant  difference  with  P  <  .05 

TABLE  1.47.:  %  CS.  %  DS,  NCS.  NIS,  NSD2  :  -  ANOVA  (matrix) 

and  Newman-keuls  test  for  each  age  group,  in  the  session 
(•)  indicates  a  significant  difference  with  P  <  .05 

TABLE  1.48. ;  U(S).  U(CS),  U(IS).  MTR,  MTL  .  -  ANOVA  (matrix) 
and  Newman-keub  lest  for  each  age  group,  in  the  2  c  session 
(•)  indicates  a  significant  difference  with  P  <  .05 

TABLE  1.49. :  %  CS.  %  DS,  NCS.  NIS.  NSD2  :  ANOVA  (age  x 
pre -training)  in  the  third  session 

table  J  .la  ;  U(S),  U(CS).  U(IS).  MTR.  MTL  :  ANOVA  (age  x 
pre-irammg)  in  the  third  session 

TABLE  1.51.:  %  CS,  %  DS,  NCS.  NIS,  NSD2  :  ANOVA 

(pre-training)  and  Newm2m-keuls  test  for  each  age  group,  in  the  third 
session 

(•)  indicates  a  significant  difference  with  P  <  .05 

TABLE  1.52. :  U(S).  U(CS).  U(IS).  MTR.  MTL  ;  ANOVA 
(pre-training)  and  Newman-keuls  test  for  each  age  group,  in  the  third 
session 

(•)  indicates  a  significant  difference  with  P  <  .05 

TABLE  1.53. :  %  CS  ;  ANOVA  (age)  and  Newmann-Keuls  lest  for  each 
eiqjerimental  group,  in  each  session,  and  for  each  matrix  type, 
in  the  first  session 

T.ABLE  1.54. :  %  DS  ;  ANOVA  (age)  and  Newmann-Keuls  test  for  each 
experimental  group,  in  each  session,  and  for  each  matrix  type, 
in  the  first  session 

TABLE  1.55. :  NCS  .  ANOVA  (age)  and  Newmann-Keuls  test  for  each 
experimental  group,  in  each  session,  and  for  each  matrix  type, 
in  the  first  session 

TABLE  1.56. :  NIS  ;  ANOVA  (age)  and  Newmann-Keuls  test  for  each 
experimental  group,  in  each  session,  and  for  each  matrix  type, 
in  the  first  session 


TABLE  1.57. :  NSD2  :  ANOVA  (age)  and  Newmann-Keuls  test  for  each 

e.xpenmental  group,  in  each  sesiesn,  and  for  each  matrix  type, 
in  life  first  session 


TABLE  1.58. ;  U(S) ;  ANOVA  (age)  and  Newmann-Keuls  lest  for  each 
experimentai  group,  in  each  session,  and  for  each  matrix  type, 
in  the  first  session 

TABLE  1.59. :  U(CS) :  ANOVA  (age)  and  Newmann-Keuls  test  for  each 
rxperimental  group,  in  each  session,  and  for  each  matrix  type, 
in  the  first  session 

TABLEJ  .6^ ;  UaS) :  ANOVA  (age)  and  Newmann-Keuls  test  for  each 
experimental  group,  in  each  session,  and  for  each  matrix  type, 
in  the  first  session 

TABLE  1.61. :  MTR  ;  ANOVA  (age)  and  Newmann-Keuls  test  for  each 
experimental  group,  in  each  session,  and  tor  each  matrix  type, 
in  the  first  session 

TABLE,  1 .62. ;  MTL  ;  ANOVA  (age)  and  Newmann-Keuls  test  for  each 
experimental  group,  in  each  session,  and  for  each  matrix  type, 
in  the  first  session 
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MEANS  -  X  CORRECT  SEQUENCES  (XCS) 


N 

N 

N 

N 

R 

N 

5-6  Y.O. ! 

74.53 

81.73 

87.20 

75.22 

58.66 

75.55 

9-10  Y.O. ! 

87.20 

94 . 26 

92.90 

1 

93.88 

67.55 

93.77 

14-15  Y.O. ! 

93 . 00 

95.29 

96.23 

93.70 

80.11 

97 . 40 

AOULTES! 

94.20 

93.33 

91.52 

91.60 

80.50 

97 . 50 

5-6  Y.O. ! 

N 

81 . 50 

D 

86.87 

N 

89.62 

! 

76.  ?2 

73.  §9 

88.  ?5 

9-10  Y.O. ! 

88 

91 . 15 

95.75 

89 

61 .41 

92.82 

14-15  Y.O. ! 

94.90 

96.75 

99.05 

92.50 

86.28 

97.42 

ADULTES! 

91.70 

96.84 

96.10 

1 

91.80 

82.20 

94.10 

R 

D 

N 

5-6  Y.O. ! 

78.30 

71 . 17 

78.82 

9-10  Y.O. ! 

51 . 50 

82.82 

94.58 

14-15  Y.O. ! 

65.60 

87.52 

92.87 

ADULTES ! 

75.70 

93.26 

97. 17 

STANDARD  DEVIATIONS  - 

X  CORRECT  SEQUENCES 

(%CS) 

N 

N 

N 

N 

R 

N 

5-6  Y.O. ! 

26.12 

24.34 

10.97 

22 . 10 

29 . 16 

29.26 

9-10  Y.O. ! 

17 . 91 

19.27 

17. 13 

5.70 

19.44 

13 . 73 

14-15  Y.O. ! 

6 . 40 

5.47 

4 . 40 

9 . 30 

19 . 76 

2 . 60 

ADULTES ! 

4 . 70 

8.61 

21 . 19 

11.00 

20 . 04 

3 . 66 

N 

D 

N 

D 

R 

N 

5-6  Y.O. ! 

19 . 10 

9.90 

14 . 08 

19.90 

20 . 04 

10.08 

9-10  Y.O. ! 

9.10 

5.89 

3 . 76 

7.40 

18.62 

7.71 

14-15  Y.O. ! 

4.20 

2.76 

1.68 

6.60 

19 . 30 

3.64 

ADULTES? 

8.90 

3.69 

5.21 

13.7'- 

10 . 23 

20 . 79 

R 

D 

N 

5-6  Y.O. ? 

20.60 

24.76 

18.64 

r 

9-10  Y.O. ! 

18 . 10 

13.49 

4 . 62 

14-15  Y.O. ! 

15.50 

14 . 16 

11.03 

ADULTES? 

17.70 

4.72 

3.60 

F  li?i  :  %  CS :  means  and  standard  deviations  in  each 
expentnental  group  and  in  each  age  group 


! MEANS  - 

X  DOMINANT  SEQUENCES 

(XDS) 

I 

N 

N 

N 

N 

R 

N 

1 

5-6  y.O. ! 

57.06 

67.46 

67.86 

f  54.77 

44.11 

55 . 68 

1 

! 

9-10  Y.O. ! 

57.70 

64.60 

66.80 

!  59.68 

45 . 44 

73.77 

! 

1 

14-15  Y.O. ! 

52.70 

54.58 

54.70 

!  55.80 

59.20 

74 . 60 

t 

! 

ADULTES! 

61.23 

62.47 

63.71 

f  57.30 

51.60 

61 . 10 

! 

t 

N 

D 

N 

D 

R 

N 

1 

f 

5-6  Y.O. ! 

70.12 

49.50 

70.50 

!  36.92 

50.46 

68.92 

9 

! 

9-10  Y.O. ! 

61 . 15 

33.36 

55.57 

!  23.66 

36.94 

38.94 

1 

1 

14-15  Y.O. ! 

52 

20.52 

39.47 

!  20.57 

62.66 

53.04 

1 

ADULTES! 

54 

21.80 

43.20 

!  20.70 

61.80 

49.10 

• 

1 

R 

D 

N 

1 

! 

5-6  Y.O. I 

49.52 

40 . 94 

61.52 

f 

1 

9-10  Y.O. ! 

27.41 

31 . 17 

48.82 

» 

1 

14-15  Y.O. ! 

46 

24.47 

45.52 

! 

1 

I 

ADULTES • 

57.76 

28.52 

44 . 73 

t 

t 

.  1 

STANDARD  DEVIATIONS  - 

%  DOMINANT  SEQUENCES 

(XDS) 

\ 

N 

N 

N 

N 

R 

N 

1 

5-6  Y.O. ! 

22 . 70 

21 . 13 

25.47 

!  23.00 

23.26 

23 .21 

t 

9-10  Y.O. ! 

24 . 20 

27.13 

27.63 

!  23.00 

24.29 

26.11 

f 

14-15  Y.O. ! 

27.90 

25.93 

26.84 

!  20.70 

24 . 98 

21 . 89 

1 

ADULTES! 

26.10 

27.47 

28.49 

!  24.00 
? 

24 . 00 

33.10 

1 

1 

N 

u 

N 

D 

R 

N 

] 

5-6  Y.O. ! 

?4  '.,0 

16.00 

28.83 

!  18.50 

20 . 66 

16 . 07 

9 

9-10  Y.O. ! 

22.30 

12.77 

27.67 

!  11.40 

21 . 17 

23 . 14 

1 

14-15  Y.O. ! 

25 . 50 

6.38 

29.86 

!  7.20 

21 .85 

30 . 54 

1 

ADULTES! 

26.40 

Ij.  .  19 

33.29 

!  5.90 

f 

18.72 

29.11 

9 

1 

R 

D 

N 

1 

5-6  Y.O. ! 

ie,7o 

18 . 33 

24 . 30 

1 

1 

9-10  Y.O. ! 

13.30 

17.90 

25 . 94 

1 

1 

14-15  Y.O. ! 

21 . 80 

9. 14 

26 . 50 

1 

f 

! 

ADULTES ! 

20 . 30 

10.82 

26 . 71 

j 

TART  .P.  11-  :  %  DS ;  mcam  aiKi  Standard  drwatiDns  in  each 
eacperimexital  group  and  in  each  age  group 
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MEANS  - 

NB.  CORRECT  DIFFERENT 

SEQUENCES  (NCS) 

N 

N 

N 

N 

R 

N 

5-6  Y.O. ! 

5 . 40 

3.93 

3.86 

• 

5.11 

5.72 

4.50 

9-10  Y.O. ! 

6.70 

4.20 

4.60 

1 

5.77 

6.94 

4.83 

14-15  Y.O. J 

6.40 

5.76 

5.94 

1 

6.20 

5.35 

3.25 

ADULTES! 

6.70 

6.00 

5.09 

I 

G.05 

6.80 

6.45 

N 

D 

N 

D 

R 

N 

5-6  Y.O. ! 

3.43 

5.25 

4.06 

1 

6.61 

5.76 

4 . 46 

9-10  Y.O. ! 

5.26 

8.57 

6.89 

1 

11 .41 

7.70 

9.70 

14-15  Y.O. ! 

8 . 10 

13.63 

9.73 

13.33 

4.47 

7.66 

ADULTES! 

7.20 

13.55 

10.15 

13.05 

4.60 

8 

R 

D 

N 

5-6  Y.O. ! 

5.41 

5.82 

4.52 

t 

9-10  Y.O. ! 

8.23 

9.58 

7.76 

14-15  Y.O. I 

6 . 47 

10 . 47 

7.70 

ADULTES ! 

5.15 

8.89 

7.05 

STANDARD  DEVIATIONS  - 

NB.  CORRECT  DIFFERENT 

SEQUENCES  (NCS) 

N 

N 

N 

N 

R 

N 

5-6  Y.O. ! 

3 . 10 

2.57 

2-77 

3. 10 

3 . 44 

2 . 43 

9-10  Y.O. ! 

3.90 

3.20 

3.73 

3 . 30 

2 . 87 

3 . 97 

14-15  Y.O. ! 

3 . 90 

3.45 

3.05 

4 . 40 

2.58 

2 . 22 

ADULTES ! 

4 . 40 

4.40 

4 .01 

3.80 

3.95 

5 . 48 

N 

D 

N 

D 

R 

N 

5-6  Y.O. ! 

2.30 

2.72 

3.29 

3  30 

3.03 

2.56 

9-10  Y.O. ! 

2.50 

3.18 

4.79 

! 

4.40 

2.99 

4 . 42 

14-15  Y.O. ! 

5 . 00 

2.58 

4 . 95 

» 

3.70 

1.66 

5.75 

ADULTES! 

4 . 10 

4 . 46 

6 . 22 

3.90 

2.47 

6 . 38 

R 

D 

N 

5-6  Y.O. ! 

1 .60 

2,87 

2.45 

! 

9-10  Y.O. ! 

2.50 

4.31 

5.43 

14-15  Y.O. ! 

2.70 

4.06 

4.98 

ADULTES! 

2 . 50 

4 . 17 

4.37 

f 

TABLE  1  4.  :  NCS;xneamandstai*ianJdcviatiQBsineach 
experimental  gnx^  and  in  each  age  grcTi^ 


I  MEANS  -  NB.  INCORRECT  DIFFERENT  SEQUENCES  (NIS) 


N 

N 

N 

N 

R 

N 

5-6  Y.O. ! 

5.73 

4.33 

3.26 

f 

5.11 

9.33 

5.22 

9-10  Y.O. ! 

3.30 

2.05 

2.10 

f 

2.22 

9.16 

2. 16 

14-15  Y.O. ! 

2.64 

1.62 

1.47 

f 

1 . 90 

6.40 

.95 

ADULTES! 

2.23 

2.00 

1.61 

! 

2.40 

5.70 

1 . 05 

N 

D 

N 

D 

R 

N 

5-6  Y.O. ! 

3.25 

3.62 

3.06 

1 

5.15 

6.53 

3.30 

9-10  Y.O. ! 

2.87 

2.64 

1.62 

! 

3.92 

9.17 

2.41 

14-15  Y.O. 1 

1 .94 

1.63 

.47 

! 

2.61 

3.71 

1 

ADULTES! 

2.40 

1.40 

1.36 

j 

2.90 

6.40 

1.30 

R 

D 

N 

5-6  Y.O. ! 

5.70 

6.29 

4.41 

t 

9-10  Y.O. ! 

11.41 

5.11 

2.17 

1 

14-15  Y.O. ! 

9.47 

3.66 

2. 14 

j 

ADULTES ! 

7.36 

2.84 

1.26 

! 

STANDARD  DEVIATIONS-  NB.  INCORRECT  DIFFERENT  SEQUENCES  (NIS) 


N 

N 

N 

N 

R 

N 

5-6  Y.O. ! 

4 . 00 

3.37 

2.68 

3.90 

5.66 

4 . 88 

9-10  Y.O. ! 

2.60 

3.17 

3.83 

1 . 80 

4 . 47 

3.66 

14-15  Y.O. ! 

2.30 

2.15 

1 .41 

2.10 

4.86 

.94 

ADULTES ! 

1.80 

1.73 

1.62 

1 .70 

4.37 

1 . 50 

N 

D 

N 

D 

R 

N 

5-6  Y.O. ! 

2.20 

2.50 

3 . 97 

2 . 70 

3.99 

2  49 

9-10  Y.O. ! 

1 .60 

1.83 

1.33 

2.40 

4.06 

2.32 

14-15  Y.O. ! 

1 .70 

1.38 

.84 

2 . 10 

3.50 

1 . 37 

ADULTES ! 

2.10 

1.63 

1.26 

3.50 

3.01 

3 . 09 

R 

D 

N 

5-6  Y.O. ! 

4 . 00 

4.52 

3 . 04 

9-10  Y.O. ! 

3  .  bO 

3.62 

1 . 70 

14-15  Y.O. ! 

3 . 30 

3.36 

2.45 

ADULTES ! 

3.90 

1.86 

1.59 

T’/kRI.E  1.5.  :  NIS ;  means  and  standard  deviattcos  in  each 
experimental  group  aai  in  each  age  group 
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MEANS  - 

NB.  5EO 

.  DIFF. 

2  PREV. 

(NS  DO 

N 

N 

N 

N 

R 

N 

5-6  Y.O. ! 

12.40 

9.13 

10.20 

12.94 

12.55 

10 . 77 

9-10  Y.O. ! 

16.20 

11.93 

11.30 

j 

16.27 

14 . 16 

10 . 22 

14-15  Y.O. ! 

18.30 

19.70 

20.41 

t 

16 

11.45 

9.55 

ADULTSS! 

15.30 

14.09 

13.23 

13.50 

14 

17.60 

N 

D 

N 

D 

R 

N 

5-6  Y.O. ! 

7.81 

16 

10 . 06 

; 

17.23 

15 

12 

9-10  Y.O. ! 

13.57 

24.94 

19.84 

31 

17.11 

27 

14-15  Y.O. ! 

20.52 

38.42 

32.15 

35.85 

11.33 

21.09 

ADULTES! 

15.55 

37.95 

27.20 

! 

35.85 

9.95 

22.90 

R 

D 

N 

5-6  Y.O. ! 

14 . 64 

15.64 

11.05 

9-10  Y.O. ! 

15.58 

25 

20 . 17 

14-15  Y.O. ! 

11.11 

29.66 

25.70 

ADULTES! 

9.36 

31 . 15 

26.89 

STANDARD  DEVIATIONS  - 

NB.  SEO 

.  DIFF. 

2  PREV. 

(NSDi) 

N 

N 

N 

N 

R 

N 

5-6  Y.O. ! 

8.00 

5.42 

7.62 

1 

7 . 30 

6 . 03 

4.96 

9-10  Y.O. ! 

10.73 

10.51 

11.12 

10.80 

6.11 

9 . 09 

14-15  Y.O. ! 

12.20 

12.28 

12.07 

1 

11 .30 

6 .41 

8.00 

ADULTES ! 

11.60 

10.59 

11.90 

1 

8.60 

10 . 19 

15.56 

N 

D 

N 

D 

R 

N 

5-6  Y.O. ! 

6.90 

7.06 

8.91 

! 

7.60 

5.78 

5.65 

9-10  Y.O. ! 

7.70 

7.21 

14.39 

1 

9.90 

5.61 

12.96 

14-15  Y.O. I 

12 . 00 

5.84 

15.51 

! 

7.20 

9 . 05 

15 . 15 

ADULTES! 

9.80 

7.22 

17.02 

f 

t 

6.50 

7 . 30 

16 . 03 

R 

D 

N 

5-6  Y.O. ! 

4.20 

5.68 

6 . 09 

1 

9-10  Y.O. ! 

5.90 

9.61 

14 . 48 

! 

14-15  Y.O. ! 

6.10 

9.08 

16.69 

t 

ADULTES ! 

5 . 00 

10.17 

16.41 

f 

TABI  .F  16  :  NSD2 :  means  and  Standard  deviaticDS  in  each 
experimental  group  and  in  eadi  age  groi^ 


! MEANS  - 

t 

SEQUENCES 

UNCERTAINTY  ( 

U(S)  ) 

t 

N 

N 

N 

N 

R 

N 

! 

5-6  Y.O. ! 

2.14 

1.57 

1.45 

I 

2.14 

2.72 

1 .97 

• 

9-10  Y.O. ! 

2.01 

1 . 44 

1 .40 

1 

1.75 

2.87 

1.25 

1 

! 

14-15  Y.O. ! 

2.01 

1 .61 

1.78 

t 

1.83 

2.10 

.96 

1 

! 

t 

ADULTES! 

1.79 

1.67 

1.53 

1 

1.83 

2.34 

1.66 

) 

1 

1 

N 

D 

N 

D 

R 

N 

f 

! 

5-6  Y.O. ! 

1.35 

2.10 

1.36 

! 

2.69 

2 . 44 

1.54 

1 

! 

9-10  Y.O. ! 

1.62 

2.74 

1.90 

1 

3.34 

3.23 

2.68 

! 

! 

14-15  Y.O. ! 

2.10 

3.45 

2.53 

1 

3.52 

1.66 

1.94 

1 

ADULTES ! 

2.03 

3.38 

2.46 

! 

3.48 

1.96 

2 . 12 

1 

t 

R 

D 

N 

» 

1 

5-6  Y.O. ! 

2.25 

2.54 

1.79 

1 

1 

9-10  Y.O. ! 

3.59 

3.08 

2.16 

1 

! 

14-15  Y.O. ! 

2.81 

3.21 

2.32 

! 

1 

ADULTES ! 

2.21 

2.89 

2.12 

J 

STANDARD  DEVIATIONS  - 

SEQUENCES 

UNCERTAINTY  ( 

U(S)  ) 

1 

1 

N 

N 

N 

N 

R 

N 

f 

5-6  Y.O. ! 

1  .  10 

.97 

1.11 

1 . 07 

1 .27 

1  .  14 

1 

9-10  Y.O. ! 

1  .  12 

1 . 09 

1 .22 

.94 

1  .  12 

1 . 24 

j 

14-15  Y.O. ! 

1 .22 

1.08 

.96 

! 

1 .00 

1  . 17 

.  76 

1 

ADULTES! 

1  .  16 

1  . 16 

1  . 13 

1 . 04 

1.11 

1.36 

j 

1 

1 

N 

D 

N 

D 

R 

N 

1 

f 

5-6  Y.O. ! 

.  96 

.  75 

1.28 

.  90 

1 . 03 

.  77 

1 

9-10  Y.O. ! 

.96 

.67 

1  . 17 

! 

.  77 

.  98 

1 .03 

1 

1 

14-15  Y.O. ! 

1  .  12 

.30 

1.26 

! 

.  53 

.  88 

1 .39 

t 

» 

ADULTES ! 

1  .  17 

.79 

1 .49 

.53 

.64 

1.35 

1 

t 

1 

R 

D 

N 

1 

! 

5-6  Y.O. ! 

.  94 

.98 

1.05 

! 

1 

; 

9-10  Y.O. ! 

.  66 

.94 

1.22 

1 

j 

14-15  Y.O. ! 

.  98 

.57 

1 . 88 

» 

! 

ADULTES ! 

.  98 

.70 

1 . 06 

1 

TARI  P  1  7  ;  U(S) :  means  and  standard  deviaticas  in  each 
expaiuiental  gmup  and  in  each  age  group 
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!  MEANS  -  CORRECT  SEQUENCES  UNCERTAINTY  (U{CS) ) 


N 

N 

N 

N 

R 

N 

5-6  Y.O. ! 

1 . 31 

.95 

.92  ! 

1.36 

1 .68 

1 . 30 

9-10  Y.O. I 

1.63 

1 . 17 

1.18  ! 

1 . 46 

1 . 73 

1 . 02 

14-15  Y.O. 1 

1.71 

1.61 

1.60  ! 

1 .60 

1.31 

.82 

ADULTES ! 

1 . 52 

1.42 

1.23  f 

1.51 

1.62 

1.54 

I 

N 

D 

N 

D 

R 

N 

5-6  Y.O. ! 

.  75 

1.55 

.92  ! 

1.97 

1.58 

1 

9-10  Y.O. ! 

1.37 

2.41 

1.71  ! 

2.94 

2.16 

2.40 

14-15  Y.O. ! 

1.88 

3.33 

2.49  I 

3.29 

1 . 12 

1 . 64 

ADULTES  f 

1.74 

3.29 

2.35  1 

3.24 

1.05 

1.93 

R 

D 

N 

5-6  Y.O. ! 

1 . 46 

1.69 

1.05  ! 

9-10  Y.O. f 

2.27 

2.52 

1.94  ! 

14-15  Y.O. ! 

1.57 

2.76 

2.01  ! 

ADULTES ! 

1.20 

2.59 

1.99  ! 

STANDARD  DEVIATIONS-  CORRECT 

SEQUENCES  UNCERTAINTY 

(U(CS) ) 

N 

N 

N 

N 

R 

N 

5-6  Y.O. ! 

.97 

.66 

.83  ! 

.83 

1 . 07 

.  79 

9-10  Y.O. « 

1 . 06 

.  99 

1.12  ! 

.  93 

.  91 

1.01 

!  ^ 

14-15  Y.O. ! 

1  .  10 

1.00 

.93  ! 

.98 

.  86 

.  75 

ADULTES! 

1 .09 

1.07 

1.14  ! 

.93 

1 .01 

1 . 34 

N 

D 

N 

D 

R 

N 

5-6  Y.O. ! 

.78 

.70 

1.01  ! 

.97 

.  88 

.  59 

1  t 

9-10  Y.O. I 

.86 

.67 

1.15  ! 

.  80 

.  82 

1  .  0<4 

14-15  Y.O. ! 

1  .  10 

.32 

1.26  ! 

.  56 

.67 

1 . 32 

f  1 

ADULTES ! 

1 . 05 

.  76 

1.45  ! 

.  51 

.  72 

1 . 39 

'  t  ; 

R 

D 

N 

1 

.  1 

5-6  Y.O. ! 

.  47 

.69 

.71  ! 

)  j 

9-10  Y.O. ! 

.  77 

.  93 

1.16  ! 

! 

14-15  Y.O. ! 

.  90 

.  77 

1.26  ! 

!  1 

ADULTES! 

.73 

.74 

1.05  ! 

,  i 

'  1 

1 

TABI  E  ?  g  ;  U  (CS) :  means  and  standard  drviatkms  in  each 
experimental  groi^  and  in  each  age  groi^ 
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I  MEANS  -  INCORRECT  SEQUENCES  UNCERTAINTY  U(IS) 


N 

N 

N 

N 

R 

N 

!  5-6  Y.O. ! 

1.94 

1.59 

1.24 

1 

1.67 

2.48 

1.59 

\ 

1  9-10  Y  O. ! 

1 . 16 

.64 

.58 

f 

.66 

2.79 

.63 

! 

!  lA-15  Y.O. ! 

1 . 05 

.73 

.  46 

! 

.71 

2.12 

.25 

1 

!  AOULTES ! 

.86 

.78 

.53 

) 

.96 

1.66 

.  36 

1 

1 

J 

N 

D 

N 

D 

R 

N 

!  5-6  Y.O. I 

1 .09 

1.48 

.96 

1 

1.93 

2.23 

1 . 33 

\ 

!  9-10  Y.O. ! 

1 . 13 

1 . 16 

.63 

f 

1.76 

2.72 

.89 

1 

f  14-15  Y.O. 1 

.76 

.72 

.  13 

! 

1 .04 

1.26 

.33 

! 

f  ADULTES ! 

1 

.94 

.50 

.47 

! 

.98 

2.36 

.  12 

! 

1 

R 

D 

N 

I 

!  5-6  Y.O. ! 

1.93 

2.07 

1.60 

1 

; 

1  9-10  Y.O. ! 

3.11 

1.93 

.98 

f 

» 

!  14-15  Y.O. ! 

2.81 

1.33 

.77 

• 

1 

!  ADULTES ! 

1 

2.47 

1.29 

.49 

! 

1 

’STANDARD  DEVIATIONS  - 
1 

INCORRECT 

SEQUENCES  UNCERTAINTY 

U(IS) 

t 

1 

N 

N 

N 

N 

R 

N 

1 

!  5-6  Y.O. ! 

1 .07 

.94 

1 .06 

j 

1  . 15 

1 .29 

1 . 23 

1 

!  9-10  Y.O. ! 

1 . 03 

.  95 

.96 

! 

.95 

.  79 

1 . 04 

! 

!  14-15  Y.O. ! 

1 . 03 

.92 

.  72 

1 

.94 

1  .  14 

.  53 

1 

!  ADULTES! 

f 

.  96 

.  77 

.  71 

1 

1 

.8*4 

1  .  18 

.  76 

1 

f 

1 

N 

D 

N 

D 

R 

N 

j 

!  5-6  Y.O. ! 

.  90 

.  92 

1  .  17 

I 

.89 

.72 

.99 

1 

!  9-10  Y.O. ! 

.  74 

.94 

.75 

t 

1 . 00 

.75 

.  97 

1 

*  14-15  Y  0. ! 

.  86 

.73 

.41 

I 

.  96 

1 . 25 

.67 

! 

!  ADULTES ! 

f 

.  94 

.84 

.69 

I 

1 

1.11 

.  83 

.  40 

t 

1 

1 

R 

D 

N 

1 

!  5-6  Y.O. ! 

1  .  14 

.92 

.97 

t 

; 

!  9-10  Y.O. ! 

.  50 

.95 

.  83 

! 

f 

!  14-15  Y.O. ! 

.  55 

1 .11 

.96 

! 

1 

!  ADULTES ! 

.  80 

.83 

.  76 

I 

1 

TART  F  1  q  ;  U(1S) :  means  and  standard  deviaticas  in  each 
experimental  group  and  in  each  age  group 


I  MEANS  - 


MEAN  REALIZATION  TIME  (MTR) 


N 

N 

N 

N 

R 

N 

5-6  Y.O. ! 

4.96 

3.00 

2.21 

5.02 

5.17 

4 . 05 

9-10  Y.O. ! 

3 . 46 

1.59 

1 . 73 

3.13 

4.06 

1 .86 

lA-15  Y.O. ! 

3.46 

1.49 

1.29 

I 

1 .96 

3.56 

1 . 21 

AOULTES ! 

2.34 

1.31 

1.20 

1 

1.69 

4.15 

.97 

N 

0 

N 

D 

R 

N 

5-6  Y.O. ! 

6.47 

4 

3.22 

} 

6.06 

4.30 

3.08 

9-10  Y.O. » 

2.98 

2.29 

1.84 

1 

4.11 

3.61 

2.05 

14-15  Y.O. ! 

1.89 

1.71 

1 . 13 

! 

2.65 

3.08 

1  .  15 

ADULTES! 

2.10 

2.19 

1.22 

! 

2.66 

3.40 

2.92 

n 

D 

N 

5-6  Y.O. ! 

5.77 

4.36 

3.55 

9-10  Y.O. ! 

5 . 44 

2.71 

2.09 

14-15  Y.O, ! 

3.96 

2.05 

1.28 

! 

ADULTES ! 

5.61 

2 . 19 

1 .46 

STANDARD  DEVIATIONS  - 

MEAN 

REALIZATION  TIME 

(MTR) 

N 

N 

N 

N 

R 

N 

5-6  Y.O. ! 

1 .92 

1  .  18 

1  .  12 

1 

2.47 

2 . 25 

3 . 47 

9-10  Y.O. ! 

1 . 89 

.  74 

1 .64 

* 

1 .69 

1 . 86 

1  .  13 

14-15  Y.O. ! 

3.03 

1  .  12 

.71 

1 

1 . 04 

1.33 

.  71 

ADULTES! 

1 . 76 

.76 

.65 

t 

1 

1 . 20 

2 . 10 

.  37 

N 

D 

N 

D 

R 

N 

5-6  Y.O. ! 

3 . 80 

2 . 07 

1.65 

1 

2.45 

1 . 21 

1  .  15 

9-10  Y.O. ! 

2.03 

1.02 

1 . 32 

i 

1.25 

1,62 

1 . 26 

14-15  Y.O. ! 

1 . 40 

.72 

.36 

1 

1.66 

1 . 09 

.50 

ADULTES! 

1 .64 

1.23 

.48 

1 

f 

1 . 75 

1 . 73 

4 . 05 

R 

D 

N 

5-6  Y.O. ! 

2.69 

2.22 

1 . 98 

» 

9-10  Y.O. ! 

2.77 

.92 

1 . 02 

\ 

14-15  Y.O. ! 

1 .71 

.  87 

.  71 

f 

ADULTES! 

3.55 

.94 

.58 

? 

TABLE  1.10.:  KfTR 

mearB  and  standard  drviaticns  in  each 

experimental  group  and  in  each  age  group 

MEANS  - 

MEAN  LATENCY  TIME 

- I 

(MTL)  ! 

N 

N 

N 

N 

R 

N  ! 

5-6  Y.O. ! 

2.26 

1.27 

1.53  ! 

2.27 

2.22 

2.24  ! 

9-10  Y.O. ! 

1.22 

.81 

.93  ! 

1.06 

1 . 16 

.92  ! 

14-15  Y.O. ! 

1.38 

.74 

.74  ! 

.82 

.91 

.60  ! 

AOULTES ! 

.94 

.73 

.60  1 

.73 

1.03 

.62  ! 

N 

0 

N 

D 

R 

N  ! 

5-6  Y.O. ! 

1 . 99 

2.84 

1.74  ! 

2.58 

1.79 

1.76  ! 

9-10  Y.O. ! 

1.25 

.95 

.92  ! 

1.69 

1.25 

1.28  ! 

14-15  Y.O. ! 

.90 

.88 

.84  ! 

.93 

.81 

.84  ! 

ADULTES ! 

1.02 

.97 

.75  • 

1 . 06 

1.01 

.68  ! 

R 

D 

N 

5-6  Y.O. ! 

1.87 

1.73 

1.56  ! 

9-10  Y.O. ! 

1 .80 

1.06 

1.21  ! 

14-15  Y.O. ! 

1 . 35 

.83 

.67  ! 

ADULTES ! 

1 . 73 

1.48 

.77  ! 

STANDARD  DEVIATIONS  - 

MEAN  LATENCY  TIME 

(MTL)  I 

N 

N 

N 

N 

R 

N  ! 

5-6  Y.O. ! 

.  93 

.  48 

.81  ! 

1.35 

1 . 29 

1.46  ! 

9-10  Y.O. ! 

.  40 

.  18 

.36  ! 

.48 

.66 

.  43  ! 

14-15  Y.O. ! 

1  .  13 

.38 

.32  ! 

.37 

.42 

.23  ! 

ADULTES ! 

.65 

.34 

.  18  ! 

.36 

.46 

.  19  ! 

N 

D 

N 

D 

R 

N  ' 

5-6  Y.O. ! 

1 . 04 

CD 

o> 

1.10  ! 

1.22 

.61 

.75  ! 

9-10  Y.O. ! 

.  91 

.55 

.61  ! 

.62 

.57 

1.33  ! 

14-15  Y.O. ! 

.  52 

.37 

.43  ! 

.36 

.35 

.  74  ! 

ADULTES! 

1  . 16 

.41 

.41  ! 

.49 

.31 

.  28  ! 

R 

D 

N 

5-6  Y.O. ! 

.  84 

.68 

.35  ! 

9-10  Y.O. ! 

1  .  14 

.66 

1.47  ! 

14-15  y .O. ! 

.96 

.58 

.38  ! 

ADULTES ! 

1.22 

1.50 

.31  I 

TABLE  1.11.:  MTL :  means  aal  standarf  dtviatioxB  in  each 
expenmental  group  and  in  each  age  group 


X  CORRECT  SEQUENCE  (XCS) 


( 

1 

1 

j 

GNxx 

Rxx 

Dxx 

f 

t 

nN 

nR 

nD 

5-6  Y.O. 

\ 

77.06 

78.35 

76.92 

81 . 73 

58.66 

86.87 

9-10  Y.O. 

i 

89.61 

51.52 

89 

94 . 26 

67.55 

91 . 15 

j 

lA-15  Y.O. 

i 

93.92 

65.61 

92.57 

i 

95.29 

80.11 

96.75 

i 

i 

1 

i 

! 

! 

ADULTS 

1 

j 

92.55 

75.78 

91.80 

i 

93.33 

.80.50 

96.84 

1 

! 

! 

nnN 

nrN 

rKlN 

drN 

rdN 

1 

5-6  Y.O. 

87.20 

75.55 

89.62 

88 . 15 

78.82 

f 

9-10  Y.O. 

! 

92.90 

93.77 

95.75 

92.82 

94 . 58 

j 

! 

-14-15  Y.O. 

! 

96.23 

97.40 

99.05 

97.42 

92.87 

1 

f 

! 

ADULTS 

1 

f 

91.52 

97.50 

96.10 

94.10 

97.17 

i 

i 

1 

f 

nR 

dR 

1 

j 

1 

nD 

rD 

f 

5-6  Y.O. 

j 

58.66 

73.69 

86.87 

71 . 17 

9-10  Y.O. 

j 

67.55 

61 .41 

j 

91 . 15 

82.82 

i 

14-15  Y.O. 

j 

80.11 

86.28 

j 

96.75 

87 . 52 

j 

ADULTS 

i 

j 

80.50 

82.20 

t 

f 

96.84 

93.26 

1 

1 

F-GNxx 

M-GNxx 

1 

f 

f 

F-Rxx 

M-Rxx 

1  F-Dxx 

M-Dxx 

5-6  Y.O. 

1 

75.42 

79.20 

82.22 

74 

i  73 

80 

j 

9-10  Y.O. 

j 

91 . 93 

87.21 

f 

56 

46.50 

!  92.28 

86 . 80 

i 

14-15  Y.O. 

j 

94 . 10 

93.50 

f 

65.80 

65.30 

!  94.40 

91 . 10 

ADULTS 

j 

j 

93.50 

91 . 90 

j 

j 

81 

72 

*  94 

1 

90 . 60 

TABLE  112.  :%CS  :  -  nrans  as  a  function  rf  age  and  of  pracntalian 

order  of  matrix  type 

.  means  as  a  function  of  age  and  of  sex,  in  the  fast 
session  (F  ■  females;  M  •  males) 


7. 

DOMINANT 

SEQUENCE 

( 7,DS ) 

» 

!  GNxx 

Rxx 

Dxx 

9 

1 

nN 

nR 

nD 

i 

5-6  Y.O. 

!  60.48 

49.52 

36 . 92 

j 

67.46 

44.11 

49.50 

• 

9-10  Y.O. 

!  59.54 

27.40 

23.80 

i 

64 . 60 

45 . 44 

33 . 36 

i 

14-15  Y.O. 

!  53.57 

46 

20.57 

9 

54 . 58 

59 . 20 

20 . 52 

1 

j 

ADULTS 

!  57.70 

1 

57 . 70 

20 . 70 

9 

9 

62.47 

51 .60 

21 . 60 

i 

!  nnN 

nrN 

ndN 

drN 

rdN 

i 

5-6  Y.O. 

!  67.86 

55.88 

70.50 

68.92 

61.52 

I 

9-10  Y.O. 

!  66.80 

73.77 

55.57 

38.94 

48.82 

f 

14-15  Y.O. 

!  54.70 

74 . 80 

39.47 

53.04 

45 . 52 

i 

f 

ADULTS 

?  63.71 

1 

61 . 10 

43.20 

49. 10 

44 . 73 

j 

•  nR 

! 

!  44.11 

dR 

I 

9 

nD 

rD 

] 

5-6  Y.O. 

50.46 

1 

49.50 

40 . 94 

j 

9-10  Y.O. 

!  45.44 

36.94 

j 

33.36 

31 . 17 

j 

14-15  Y.O. 

!  59.20 

62.66 

j 

20.52 

24 . 47 

i 

f 

i 

! 

1 

i 

ADULTS 

!  51.60 
! 

61.80 

i 

j 

21.80 

28.52 

1  F-GNxx 

i  19: 2! 

H-GNxx 

9 

f 

F-Rxx 

H-Rxx 

j  F-Dxx 

1  21.42 

M-Dxx 

i:foV6. 

6f*?’90 

» 

• 

48 . 44 
32.22 

25.60 

! 

14-15  Y.O. 

!  55.42 

49.66 

i 

51 

39.55 

!  20.80 

20 . 30 

1 

1 

f 

ADULTS 

!  60.60 
! 

55.80 

9 

9 

64 

53.20 

!  21.10 

1 

20 . 40 

TABLE  1.13. :%  PS:  -  means  as  a  function  of  age  arid  of  presentation 

order  of  matrix  type  .  ^  ^  , 

•  m  »  fuoction  of  age  and  of  sex,  in  the  nxst 

session  (F  *  females;  M  ■  males) 
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NB  CORRECT  DIFFERENT  SEQUENCES  (NCS) 


!  GNxx 

1 

Rxx 

Dxx 

nN 

nR 

nD 

5-6  y.O. 

i  4.65 

5.40 

6.60 

3.93 

5.72 

5 . 25 

9-10  Y.O. 

!  5.90 

6.20 

11 .40 

4.20 

6.94 

8.57 

1 

14-15  y.O. 

!  6.90 

6.40 

13.30 

j 

5.76 

5.35 

13.63 

ADULTS 

!  6.65 

! 

5.15. 

13 

6 

6.60 

13.55 

i 

! 

!  nnN 

f 

!  3.66 

nrN 

ndN 

drN 

rdN 

5-6  y.O. 

4.50 

4.06 

4.46 

4.52 

i 

9-10  y.O. 

!  4.60 

4.63 

6.69 

9.70 

7.76 

1 

-14-15  Y.O. 

!  S.94 

3.25 

9.73 

7.66 

7.70 

! 

1 

f 

; 

i 

ADULTS 

!  5.09 

! 

6.45 

10.15 

6 

7.05 

!  nR 

f 

dR 

• 

I 

1 

nD 

rD 

j 

5-6  y.O. 

i  5.72 

5.76 

5.25 

5.62 

\ 

9-10  Y.O. 

!  6.94 

7.70 

i 

8.57 

9.58 

j 

14-15  Y.O. 

!  5.35 

4 . 47 

j 

13.63 

10.47 

i 

j 

ADULTS 

!  6.80 

1 

4.60 

f 

! 

13.55 

6.69 

j 

♦ 

!  F-GNxx 

f 

H-GNxx 

1 

F-Rxx 

M-Rxx 

•  F-Dxx 

H-Dxx 

j 

5-6  Y.O. 

!  4.50 

4.60 

j 

5.50 

5.20 

i  5.60 

7.40 

j 

9-10  Y.O. 

!  6 

5.60 

t 

7.50 

9 

!  12.80 

10.40 

1 

14-15  Y.O. 

!  6.50 

7.60 

j 

5.90 

7.20 

!  13.10 

13 . 50 

j 

j 

ADULTS 

!  5 

J 

7.60 

i 

I 

4.20 

5.80 

!  13.40 

12 . 60 

TABLE  1.14.  :NCS  :  -  mraxu  as  a  function  cf  age  and  of  presentaticn 

order  of  matrix 

•  means  as  a  function  of  age  and  of  sex,  in  the  fint 
session  (F  -  fema’  -•«  1  ■  males) 


NB  INCORRECT  DIFFERENT  SEQUENCES  (NIS) 


f 

i 

t  GNxx 

f 

Rxx 

Dxx 

» 

! 

j 

nN 

nR 

nD 

1 

1 

i 

5-0  Y.O. 

i  4.69 

5.70 

5.15 

4.33 

9.33 

3 . 62 

! 

j 

9-10  Y.O. 

!  2.80 

11 .40 

4.30 

j 

2.05 

9.16 

2 . 84 

j 

j 

14-15  Y.O. 

!  2.14 

9 . 47 

2.61 

1 . 62 

6 . 40 

1 . 63 

i 

j 

j 

ADULTS 

!  2.30 

♦ 

7.30 

2.90 

i 

I 

2 

5.70 

1  .  .uO 

i 

I* 

j 

i 

!  nnN 

f 

nrN 

ndN 

drN 

rdN 

1 

1 

j 

5-6  Y.O. 

!  3.26 

5.22 

3.06 

3.30 

4.41 

1 

j 

9-10  Y.O. 

!  2.10 

2.16 

1.62 

2.41 

2.17 

i 

j 

14-15  Y.O. 

!  1.47 

.95 

.47 

1 

2. 14 

1 

j 

i 

ADULTS 

!  1.61 
j 

1.05 

1.36 

1.30 

1 . 26 

1 

j 

j 

i 

!  nR 

1 

dR 

1 

! 

1 

nD 

rD 

1 

f 

i 

5-6  Y.O. 

i  9.33 

6.53 

3.62 

6.29 

I 

j 

9-10  Y.O. 

!  9.16 

9.17 

j 

2.64 

5.11 

j 

j 

14-15  Y.O. 

!  6.40 

3.71 

j 

1.63 

3.66 

j 

i 

i 

ADULTS 

!  5.70 

f 

6.40 

j 

j 

1 .40 

2.84 

i 

i 

i 

1 

!  F-GNxx 

! 

I  4.40 

M-GNxx 

f 

l' 

F-Rxx 

M-Rxx 

F-Dxx 

5.50 

H-Dxx 

f 

1 

i 

S-6  Y.O. 

5 

i 

5.60 

5.70 

4 . 80 

1 

I 

9-10  Y.O. 

•  2.40 

3.20 

f 

10.30 

12.60 

3.40 

4 . 90 

j 

i 

14-15  Y.O. 

!  1.97 

2.50 

i 

8.60 

10.50 

2.30 

2 . 80 

j 

! 

ADULTS 

!  1.80 

2.60 

f 

6.20 

6.10 

2 

3.30 

i 

! 

f . 

f 

i 

j 

TABLE  1.15. :  NIS  :  -  means  as  a  function  of  age  and  of  presentation 

order  of  matrix  type 

>  means  as  a  function  of  age  and  of  sex,  in  the  first 
session  (F  ■■  females;  M  -  males) 


/  / 


23 


NB.  SEQUENCES  DIFF.  2  PREV .  (NSD2) 


J 

i 

GNxx 

Rxx 

-Oxx 

nN 

nR 

nD 

5-6  Y.O. 

1 

11.10 

14 . 64 

17 . 23 

j 

9 . 13 

12. 55 

16 

9-10  Y.O. 

j 

15.35 

15 . 58 

31 

11 .93 

14 . 16 

24 . 94 

14-15  Y.O. 

j 

18.25 

11.52 

35.85 

19.70 

11.45 

38.42 

ADULTS 

i 

j 

14 .81 

9.36 

35.85 

f 

14 . 09 

14 

37 . 95 

! 

i 

nnN 

nrN 

ndN 

drN 

rdN 

! 

5-6  Y.O. 

t 

10.20 

10.77 

10 . 06 

12 

11 . 05 

9-10  Y.O. 

j 

11.30 

10 . 22 

19.84 

27 

20.17 

14-15  Y.O. 

j 

20.41 

9.55 

32.15 

21 . 09 

25.70 

ADULTS 

i 

1 

13.23 

17.60 

27.20 

22.90 

26.89 

! 

i 

nR 

dR 

t 

1 

nD 

rD 

1 

5-6  Y.O. 

i 

12.55 

15 

t 

16 

15.64 

9-10  Y.O. 

1 

14. 16 

17.11 

j 

24.94 

25 

14-15  Y.O. 

j 

11.45 

11 . 33 

j 

38 . 42 

29.66 

ADULTS 

i 

i 

14 

9.95 

• 

j 

37.95 

31 . 15 

i 

F-GNxx 

M-GNxx 

f 

t 

F-Rxx 

M-Rxx 

1 

1 

F-Dxx 

M-Dxx 

5-6  Y.O. 

i 

10 . 89 

11.38 

i 

16.77 

12.25 

14 . 33 

19.71 

9-10  Y.O. 

f 

16 . 79 

13.85 

j 

15.33 

15.87 

31 . 28 

30.90 

14-15  Y.O. 

j 

16.63 

21.66 

j 

10.25 

13.22 

36.11 

35 . 66 

ADULTS 

i 

i 

13.16 

15.89 

t 

j 

8.37 

10 . 09 

36 . 57 

35 . 46 

TABU  L 16.:  NSD2 

.  means  as  a  function  cf  age  and  of  presentation 

order  of  matrix  type 

-  means  as  a  function  age  and  of  sex. 

in  the  Dirt 

session  (F  ■  females;  M 

■males) 

SEQUENCES  UNCERTAINTY 

(U(S) ) 

1 

1 

1 

i 

J 

GNxx 

Rxx 

Dxx 

f 

j 

J 

nN 

nR 

nD 

j 

5-6  Y.O. 

1 . 80 

2.20 

2.60 

1.57 

2.72 

2.10 

9-10  Y.O. 

j 

1 . 86 

3.59 

3.34 

j 

1 . 44 

2.87 

2.74 

j 

14-15  Y.O. 

i 

1.97 

2.81 

3. 52 

i 

1.81 

2.10 

3.45 

j 

i 

i 

ADULTS 

i 

! 

1.89 

2.21 

3.48 

i 

j 

1 .67 

.2.34 

3.38 

i 

! 

i 

f 

i 

nnN 

nrN 

ndN 

drN 

rdN 

^-6  Y.O. 

! 

1 .45 

1.97 

1.36 

1.54 

1.79 

i 

9-10  Y.O. 

j 

1.40 

1.25 

1.90 

2.68 

2.16 

! 

J.4-15  Y.O. 

! 

1.78 

.96 

2.53 

1 .94 

2.32 

ADULTS 

i 

j 

1.53 

1.66 

2.48 

2.12 

2.12 

i 

1 

i 

f 

nR 

dR 

I 

} 

j 

nD 

rD 

i 

5-6  Y.O. 

2.72 

2.44 

2.10 

2.54 

1 

9-10  Y.O. 

i 

2.87 

3.23 

i 

2.74 

3.08 

14-15  Y.O. 

! 

2.10 

1.66 

i 

3.45 

3.21 

ADULTS 

f 

i 

2.34 

1.96 

t 

f 

3.38 

2.89 

1 

i 

f 

F-GNxx 

H-GNxx 

f 

i 

1 

F-Rxx 

H-Rxx 

? 

! 

1 

F-Dxx 

M-Dxx 

j 

5-6  Y.O. 

1 . 60 

1.90 

2.30 

2.20 

2.50 

2.80 

9-10  Y.O. 

t 

1.89 

1.84 

i 

3.32 

3.88 

j 

3.40 

3.25 

14-15  Y.O. 

i 

1.86 

2.22 

! 

2.58 

3.12 

i 

3 . 43 

3 . 58 

ADULTS 

» 

j 

1 . 58 

2.08 

i 

! 

1.90 

2.40 

i 

i 

3.47 

3.48 

TABLE  117.:  U  (S) ;  •  means  as  t  fuiKakw  rf  and  of  presaitatian 
order  cf  matrix  type 

.  as  a  funcdOD  of  age  and  of  sex,  in  the  Gist 
(F  -  females;  M  ■  males) 
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CXtRRECT  SEQUENCES  UNCERTAINTY  (U(c£;; 


1 

i 

!  GNxx 
! 

!  1.15 

Rxx 

Dxx 

t 

1 

nN 

nR 

nD  j 

1 

5-6  Y.O. 

1.46 

1.97 

1 

.95 

1 .68 

1.55  ! 

i 

9-10  Y.O. 

!  1.49 

2 . 27 

2.94 

1 

1 . 17 

1.73 

2.41  ! 

• 

lA-15  Y.O. 

!  1.73 

1 .57 

3.29 

i 

1.61 

1 .31 

3.33  ! 

1 

1 

ADULTS 

!  1.59 

! 

1 .20 

3.24 

J 

! 

1 . 42 

1.62 

3.29  J 

j 

1 

I  “ 
f 

i 

1  rmN 

1 

i  .92 

nrN 

ndN 

drN 

rdN 

1 

f 

! 

5-6  Y.O. 

1.30 

.92 

1 

1.05 

• 

J 

9-10  Y.O. 

!  1.18 

1.02 

1 . 71 

2.40 

1.94 

i 

! 

14-15  Y.O. 

!  1.60 

.82 

.2.49 

1 .84 

2.01 

I 

! 

j 

t  _ 

ADULTS 

!  1.23 

I 

1.54 

2.35 

1.93 

1.99 

j 

i 

i 

!  rrR 

dR 

1 

f 

nD 

rD 

1 

t 

f 

f 

5-6  Y.O. 

!  1.68 

1.58 

1 

1.55 

1.69 

1 

i 

9-10  Y.O. 

!  1.73 

2.16 

i 

2.41 

2.52 

j 

f 

14-15  Y.O. 

!  1.31 

1 . 12 

t 

3.33 

2.76 

i 

i 

1 

i  _ 

ADULTS 

1  1.62 
! 

1.05 

t 

i 

3.29 

2.59 

f 

i 

_ _ i 

f 

i 

!  F-GNxx 

1 

M-GNxx 

1 

F-Rxx 

H-Rxx 

F-Dxx 

H-Dxx  1 

j 

5-6  Y.O. 

!  1.13 

1  .  17 

i 

1.52 

1 .39 

1.59 

2.29  i 

j 

9-10  Y.O. 

!  1.54 

1 . 44 

! 

2.12 

2.43 

3.20 

2.77  ! 

i 

14-15  Y.O. 

!  1.62 

1 . 94 

1 

1 . 39 

1 .81 

3.25 

3.32  ! 

i 

» 

• 

ADULTS 

?  1.34 

1 

1 . 76 

f 

! 

.  95 

1.38 

3.29 

3.21  ! 

! 

TABLE  1.18.:  U(CS):-  means  as  a  function  of  age  and  of  presentation 

order  of  matrix  type 

•  means  as  a  ftinctian  of  age  and  of  sex,  in  the  first 

session  (F  ■  females;  M  ■  males) 

INCORRECT  SEQUENCES  UNCERTAINTY 

(U(I&)J 

!  GNxx 

f 

Rxx 

Dxx 

1 

f 

! 

nN 

nR 

nD 

5-6  Y.O, 

!  1.56 

1.93 

1.93 

1.59 

2.48 

1 . 48 

9-10  Y.O. 

!  1.06 

3.11 

1.78 

! 

.64 

2.79 

1  .  16 

14-15  Y.O. 

!  .  83 

2.84 

1 .04 

i 

.  73 

2 . 12 

.72 

ADULTS 

!  .  93 

1 

2.47 

.98 

i 

i 

.78 

1 . 88 

.  50 

!  nnN 

f 

nrN 

ndN 

drN 

rdN 

5-6  Y.O. 

i  1.24 

1 . 59 

.98 

1 . 33 

1.60 

9-10  Y.O. 

!  .  58 

.63 

.63 

.89 

.  98 

14-15  Y.O. 

!  .46 

.  25 

.  13 

.33 

.  77 

ADULTS 

!  .  53 

j 

.36 

.47 

.  12 

.  49 

!  nR 

1 

dR 

1 

t 

nD 

rD 

5-6  Y.O. 

i  2.48 

2.23 

f 

1.48 

2.07 

9-10  Y.O. 

!  2.79 

2 . 72 

I 

1 . 16 

1 .93 

14-15  Y.O. 

!  2.12 

1 . 26 

i 

.72 

1 .33 

ADULTS 

!  1.88 
! 

2.36 

i 

1 

.50 

1 .29 

i 

i 

!  F-GNxx 

! 

H-GNxx 

r 

! 

F-Rxx 

H-Rxx 

[  F-Dxx 

M-Dxx 

5-6  Y.O. 

!  1.48 

1.67 

f 

2.07 

1.78 

!  2.08 

1.79 

9-10  Y.O. 

!  .89 

1.23 

j 

2.95 

3.29 

!  1.53 

1.95 

14-15  Y.O. 

!  .76 

.96 

j 

2.63 

3.12 

1  .90 

1 .15 

ADULTS 

!  .65 

1 

1.11 

i 

r 

2.22 

2.66 

!  .67 

! 

1  .  15 

:  U(IS) :  •  means  as  a  functioa  at  age  and  of  presentatioD 
order  of  matrix  type 

•  wii-arn  as  a  functioD  of  age  and  of  sex,  in  the  first 
session  (F  -  females;  M  “  males) 
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MEAN  REALIZATION  TIME  (MTR) 


f 

1 

f 

GNxx 

Rxx 

Dxx 

nN 

nR 

nD 

5-6  Y.O. 

1 

5.47 

5.77 

6.06 

3 

5. 17 

4 

9-10  Y.O. 

i 

3 . 20 

5 . 44 

4.11 

1.59 

4.06 

2.29 

i 

14-15  Y.O. 

i 

2 . 40 

3.90 

2.62 

1 .49 

3.56 

1.71 

! 

I 

ADULTS 

• 

i 

2.05 

5.65 

2.80 

1 . 31 

4.15 

2.19 

1 

i 

I 

nnN 

nrN 

ndN 

drN 

rdN 

1 

f 

1 

5-6  Y.O. 

2.21 

4.05 

3.22 

3.08 

3.55 

1 

9-10  Y.O. 

! 

1 . 73 

1.86 

1 .84 

2.05 

2.09 

j 

-14-15  Y.O. 

} 

1 . 29 

1.21 

1 . 13 

1 . 15 

1 . 28 

j 

ADULTS 

i 

! 

1.20 

.97 

1.22 

2.92 

1.46 

i 

1 

i 

nR 

dR 

f 

i 

nD 

rD 

f 

f 

5-6  Y.O. 

1 

5.17 

4.30 

t 

4 

4 . 36 

9-10  Y.O. 

i 

4 . 06 

3.61 

j 

2.29 

2.71 

14-15  Y.O. 

j 

3.56 

3.08 

j 

1.71 

2.05 

j 

ADULTS 

i 

i 

4 . 15 

3.40 

i 

f 

2.19 

2.19 

I 

1 

i 

F-GNxx 

M-GNxx 

t 

i 

F-Rxx 

M-Rxx 

F-Dxx 

M-Dxx 

5-6  Y.O. 

j 

5.55 

5.37 

j 

6. 12 

5.38 

7 . 03 

5.26 

i 

9-10  Y.O. 

j 

3.30 

3 

i 

5 . 74 

5.10 

4.65 

3.74 

14-15  Y.O. 

i 

2.57 

2.04 

i 

4.41 

3.36 

3 . 52 

1 . 94 

i 

f 

ADULTS 

1 

i 

1 . 68 

2. 16 

j 

1 

5.09 

6.03 

2 . 59 

2 . 91 

_ 

^  w  w 

TABLE  1.20.:  MTR:  •  means  as  a  function  of  age  and  of  presentation 
order  of  matrix  type 

•  means  as  a  functian  of  age  and  of  sex,  m  me  Bist 
session  (F  •  females;  M  ■  males) 


MEAN  LATENCY  TIME  (MTL) 


f 

I 

!  GNxx 

t 

Rxx 

Dxx 

f 

f 

nN 

nR 

nD 

i 

5-6  Y.O. 

i  2.18 

1.67 

2.58 

1.27 

2 . 22 

2 . 64 

j 

9-10  Y.O. 

!  1.18 

1.80 

1 .69 

.81 

1  .  16 

.  95 

i 

14-15  Y.O. 

!  1.02 

1 . 26 

.  93 

.  74 

.91 

.  86 

j 

i 

ADULTS 

!  .90 

! 

1.73 

1.06 

j 

% 

.73 

1 . 03 

.  97 

j 

i 

!  nnN 

] 

nrN 

ndN 

drN 

rdN 

i 

5-6  Y.O. 

!  1.53 

2.24 

1 .74 

1.76 

1.56 

j 

9-10  Y.O. 

!  .93 

.  92 

.92 

1 . 28 

1 . 21 

j 

14-15  Y.O. 

!  .  74 

.  60 

.84 

.84 

.67 

j 

i 

ADULTS 

?  .60 

1 

.62 

.75 

.68 

.  77 

j 

i 

!  nR 

t 

dR 

1 

1 

nD 

rD 

f 

5-6  Y.O. 

i  2.22 

1.79 

i 

2.64 

1 .73 

j 

9-10  Y.O. 

.'  1.16 

1.25 

j 

.95 

1 . 06 

j 

14-15  Y.O. 

f  .91 

.  81 

j 

.  68 

.83 

i 

i 

ADULTS 

!  1.03 

! 

1 .01 

! 

• 

.97 

1 .40 

j 

t 

1  F-GNxx 

1 

M-GNxx 

f 

f 

F-Rxx 

M-Rxx 

F-Dxx 

M-Dxx 

i 

5-6  Y.O. 

i  2.50 

1.74 

j 

1.71 

2.05 

2.35 

2.78 

i 

9-10  Y.O. 

1  1.19 

1  .  10 

j 

1.54 

2.09 

1 . 58 

1.76 

1 

14-15  Y.O. 

!  1.11 

.83 

j 

1.39 

1  .  10 

1.11 

.  79 

i 

j 

ADULTS 

!  .70 

1 

1.03 

j 

j 

1.30 

2 

1.09 

1 . 04 

TARl  F  1  Ti  •  MTL:  -  means  as  a  function  of  age  and  (rf  presentatian 
order  of  matrix  type 

.  means  as  a  function  of  age  and  of  sex,  in  the  first 
session  (F  ^  females;  M  "  males) 
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CONDITIONAL  UNCERTAINTY  OF  RESPONSES  {U(R/s) 


I 

f _ _  f  . 

R1 

R2 

R3 

R4 

R5 

R6 

1 

I  1 

1  f 

GN 

1 

1  5-6  Y.O.  ! 

.  54 

.  37 

.  32 

36 

.  19 

-.10 

I 

!  9-10  Y.O.  I 

.  65 

.  38 

.  38 

24 

.  13 

'.05 

1 

1  14-15  Y.O.  ! 

.  72 

.  42 

.  39 

25 

.  12 

.03 

1 

!  ADULTS  ! 

f _ 1. 

.  65 

.  46 

.  36 

24 

.  10 

.  04 

1 

1  ! 

1  t 

R 

1 

f 

!  5-6  Y.O.  ! 

.  79 

.  38 

.38 

25 

.23 

.21 

1 

!  9-10  Y.O.  ! 

.  84 

.  70 

.59 

56 

.54 

.42 

; 

! 14-15  Y.O.  ! 

.  65 

.61 

.54 

42 

.  37 

.23 

1 

!  ADULTS  ! 

I _ _ _ 1  . 

.62 

.  44 

.41 

35 

.  16 

» 

t  f 

f  ( 

D 

!  5-6  Y.O.  ! 

.  80 

c  ^ 

.  40 

‘*9 

.  29 

.  20 

1 

1  9-10  Y.O.  ! 

.  89 

.  77 

.  78 

44 

.  22 

.  11 

1 

M4-15  Y.O.  ! 

.  92 

.  88 

.  75 

49 

.  37 

.  07 

» 

!  ADULTS  ! 

.  93 

.  89 

.  81 

46 

.29 

.  06 

TARI  .F.  1  22. :  Means  of  the  U(R1)  and  U(R/s)  as  a  function  of  age  and 

of  matrix  type,  in  the  first  session 


j 


I 
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Tab.  1.23.  For  each  index,  level  of 
signification  of  the  student T- tests  for 
related  samples  for  the  3  sessions  of  the 
experimental  group  NhfN  among  the  5-6  y.o. 
(•-.p  S  .05  ;  *■•.?  S  .01  ; 

N.S.  *  no  significant). 


?■  1.24.  For  each  index,  level  of 
jnification  of  the  student  T- tests  for 
lated  samples  for  the  3  sessions  of  the 
)erimental  group  NNN  among  the  9-10  y.o 
.pi  .05  ;  "‘rp  i  .01  ; 


>.  =  no  significant) . 


Tab.  1,25.  For  each  index,  level  of 
signification  of  the  student  T' tests  for 
related  samples  for  the  3  sessions  of  the 
experimental  group  NNN  among  the  14-15  y.o 
(-:p  S  .05  ;  ••:P  i  -01  ; 

N.S.  =  no  significant). 


Tab.  1.28.  For  each  index,  level  of 
signification  of  the  student  T- teste  for 
related  saunples  for  the  3  sessions  of  the 
experimental  group  NRN  among  the  9-lOy.o. 
(■:p  i  .05  ;  ••-.p  S  .01  ; 

N.S.  *  no  significant). 


Tab.  1,29.  For  each  index,  level  of 
signification  of  the  student T- testa  for 
related  sanples  for  the  3  sessions  of  the 
experimental  group  NRN  among  the  14-15  y.o 
(•;p  S  .05  ;  •■-.p  i  .01  ; 

N.S.  =  no  significant). 


Tab.  1.30.  For  each  index,  level  of 
•ignificacion  of  the  atudent  T- teats  for 
related  samples  for  the  3  sessions  of  the 
experimental  group  NRS  among  the  adults. 
(•:p  i  .05  ;  ••:p  5  .01  ; 

N.S.  *  no  significant). 


Tab.  1.31.  For  each  index,  level  of 
signification  of  the  student  T- tests  for 
related  samples  for  the  3  sessions  of  the 
experimental  group  NON  among  the  5* 6  y.o. 
(•;p  i  .05  ;  ••  :p  i  .01  ; 

N.S.  *  no  significant). 


Tab.  1.32.  For  each  index,  level  of 
signification  of  the  student  TT'  tests  for 
related  samples  for  the  3  sessions  of  the 
experimental  group  NON  among  the  9-10  y.o 
(•:p  i  .05  ;  'VP  S  -01  ; 

N.S.  =  no  significant). 


Tab.  1.33.  For  each  index,  level  of 
signification  of  the  student T' tests  for 
related  samples  for  the  3  sessions  of  the 
experimental  group  NDN  among  the  14 '15  y.o 
(•  ;p  i  .05  ;  ■*  -.p  i  .01  ; 

N.S.  =  no  significant). 


Tab .  1.34.  For  each  index,  level  of 
signification  of  the  student  T- tests  for 
relat  id  samples  for  the  3  sessions  of  the 
experimental  group  NDN  among  the  adults. 
(•:p  S  .05  ;  *»:p  5  .01  ; 

N.s.  »  no  significant). 


Tab.  1.35.  For  each  index,  level  of 
signification  of  the  stud^iit 'T  "  .  -a  for 
related  samples  for  the  3  sessions  of  the 
experimental  group  DRN  among  the  5-6  y.o. 
(•:p  S  .05  ;  ••:P  i  -01  : 

N.S.  =  no  significant). 


Tab.  1.36.  For  each  index,  level  of 
signification  of  the  student  testa  for 
related  samples  for  the  3  sessions  of  he 
experimental  group  DRN  among  the  9-10  y.o 
(•:p  s  .05  ;  i  .01  ; 

N.S.  =  no  significant). 


Tab.  1.37,  For  each  index,  level  of 
signification  of  the  student  T- tests  for 
related  samples  for  the  3  sessions  of  the 
experimental  group  DRN  among  the  14-15  y.o 
(•pi  .05  ;  ••pi  .01  ; 

N.S.  =  no  significant). 


Tab.  1.38.  For  each  index,  level  of 
signification  of  the  student  T- tests  for 
related  samples  for  the  3  sessions  of  the 
experimental  group  DRW  among  the  adults. 

Ctp  i  .05  ;  “•;P  s  -01  ; 

N.S.  -  no  significant) . 


Tab.  1.39.  For  each  index,  level  of 
signification  of  the  student  T- tests  for 
related  samples  for  the  3  sessions  of  the 
experimental  group  RDN  among  the  5-6  y.o. 
(•.*p  S  .05  ;  "tp  i  .01  ; 

N.S.  =  no  significant). 


Tab.  1.40.  For  each  index,  level  of 
signification  of  the  student  T' tests  for 
related  samples  for  the  3  sessions  of  the 
experimental  group  RDN  among  the  9" 10  y.o 
(■:p  i  .05  ;  ••-.P  5  .01  ; 

N.S.  *  no  significant). 


Tab.  1.41.  For  each  index,  level  of 
signification  of  the  student T- teats  for 
related  samples  for  the  3  sessions  of  the 
experimental  group  RDN  among  the  14-15  y. 
(•-.p  S  .05  :  ••-.p  S  .01  ; 

N.S.  =  no  significant). 


Tab.  1.42.  For  each  index,  level  of 
aignlf ication  of  the  student  T- tests  for 
related  aamples  for  the  3  sessions  of  the 
experimental  group  RDN  among  the  adults. 
(•;p  S  .05  :  ••;p  i  .01  ; 

N.S.  =  no  significant). 


X  CORRECT  SEQUENCES  {XCS) 


BANOVA  (AGE  X  HATRIX)  ! 

1  _  • 

! NAIVE  SUBJECTS  *  FACTOR  AGE 

!  !  FACTOR  MATRIX 

!  *  AGE  X  MATRIX 

F(3.352)=  11.29  :  p<.0000  ? 
F(2.352)=  62.83  :  p'.OOOO  ! 
F(6.352)=  9.52  :  p< .0000  ! 

! PRE-TRAINED  SUBJECTS  !  FACTOR  AGE 
!  !  FACTOR  MATRIX 

!  !  AGE  X  MATRIX 

F(3,207)=9.69  :  P' .0000  ! 
F(2.207)=37.22:  p<.0000  ! 
Ff6.207)=9.62  :  p<.0000  ! 

%  IXMINANT  SEQUENCE  (XDS) 

!ANOVA  (AGE  X  HATRIX)  ! 

1  1 

! NAIVE  SUBJECTS  !  FACTOR  AGE 

!  !  FACTOR  MATRIX 

!  !  AGE  X  MATRIX 

F(3,352)=  2.48  :  p' .06  * 
F(2.3525=  66.16  ;  p^.OOOO  < 
F{6.352)=  3.49  :  p< .002  ! 

! PRE-TRAINED  SUBJECTS  !  FACTOR  AGE 
!  *  FACTOR  MATRIX 

!  *  AGE  X  MATRIX 

NS  ! 
F(2.207)=  41.33  :  p<.0000  ! 
F(6.207)=  4.29  ;  p<.0000  ! 

NB  CORRECT  DIFFERENT  SEQUENCES  (NCS) 

lANOVA  (AGE  X  HATRIX)  ! 

y  1 

! NAIVE  SUBJECTS  !  FACTOR  AGE 

!  !  FACTOR  MATRIX 

!  !  AGE  X  MATRIX 

F(3.352)=  9.3  :  p<  .0000  ! 
F(2.352)=  61 . 13  :  p< . 0000  ! 
F(6.352)=  3.90  :  p<  .002  ! 

! PRE-TRAINED  SUBJECTS  !  FACTOR  AGE 
!  !  FACTOR  MATRIX 

'  !  AGE  X  MATRIX 

F(3.207)=12.85  :  p<  .0000  ! 
F{2 . 207)=  53 . 06  :  p<  . 0000  ! 

F(6.207)=  7.75  :  p<  .0000  ! 

NB. INCORRECT  DIFFERENT  SEQUENCES  (N  S) 

!ANOVA  (AGE  X  HATRIX)  * 

1  _  _  __  ^  1 

! NAIVE  SUBJECTS  !  FACTOR  AGE 

!  !  FACTOR  MATRIX 

!  !  AGE  X  MATRIX 

F(3.352)=  6.09  :  p' .0000  ! 
F(2.352)=110. 13  ;  p< .0000  ! 
F(6.352)=9.5  ;  P' .0000  ! 

! PRE-TRAINED  SUBJECTS  !  FACTOR  AGE 
!  !  FACTOR  MATRIX 

!  !  AGE  X  MATRIX 

F{ 3 . 207) =8 .10  :  P< . 0000  ! 

F(  2 . 207^58 .94  :  p<  .  0000  ! 

F(6,207)=  ;  N3  ! 

NB  SEQUENCES  DIFFERENT  2  PREVIOUS  (NSD2) 

fANOVA  (AGE  X  HATRIX)  ! 

1  .  1 

! NAIVE  SUBJECTS  !  FACTOR  AGE 

!  !  FACTOR  MATRIX 

!  !  AGE  X  MATRIX 

F{ 3 . 352 ) =  8.55  :  p^ . 0000  ! 
F(2.352)=101 .4  :  pj.OOOO  ! 
F(6,352)=6.37  :  p< .0000  ! 

! PRE-TRAINED  SUBJECTS  !  FACTOR  AGE 
!  !  FACTOR  MATRIX 

!  !  AGE  X  MATRIX 

F(3,207)=17.27  :  p<.0000  ! 
F(2.2Q7)=9e.5a:  p<  0000  ! 
F(6.207)=9. 15  :  p<.0000  ! 

TABLE  1.43  :  «CS,  «DS,  NCS,  NIS,  NSD2:  AH07A  (afe  x 
matnx)  m  tlx  first  and  m  tlx  second  sessioM  (afti  N). 
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SEQUENCES  UNCERTA I NT Y  ( U ( S ) 


!ANOVA  (AGE  X  MATRIX)  ♦ 

t  _  -  _  1 

! NAIVE  SUBJECTS  !  FACTOR  AGE 

!  !  FACTOR  MATRIX 

!  !  AGE  X  MATRIX 

F(3.352)=  2.50  ;  p< .059  ! 
F(2.352U  61.03  :  p<.0000  I 
F(6,352)=3.65  :  p< .002  I 

!PRE-TRAINED  SUBJECTS  !  FACTOR  AGE 
!  !  FACTOR  MATRIX 

!  !  AGE  X  MATRIX 

F(3,207)=  :  NS  ! 
F(2.207)=34.04;  p<.0000  ! 
Fr6.207)=4.59  :  P'.OOOO  1 

CORRECT  SEQUENCES  UNCERTAINTY  (U(CS) ) 

!ANOVA  (AGE  X  MATRIX)  ! 

1  1 

! NAIVE  SUBJECTS  !  FACTOR  AGE 

!  !  FACTOR  MATRIX 

!  !  AGE  X  MATRIX 

Ff3,352;=  7.16  ;  p'.OOOO  I 
F(2.352J=  69.1-u  :  p^.OOOO  I 
F(6.352)=  3.64  :  p<  .001  I 

IPRE-TRAINED  SUBJECTS  !  FACTOR  AGE 
!  !  FACTOR  MATRIX 

!  !  AGE  X  MATRIX 

F(3,207)=  6.57  :  p< .0000  I 
F(2.207)=  53.61  :  p' .0000  I 
F(6.207)=  6.52  ;  p< .0000  1 

INCORRECT  SEQUENCES  UNCERTAINTY  (U(IS)) 

lANOVA  (AGE  X  MATRIX)  ! 

1  _  -  1 

! NAIVE  SUBJECTS  !  FACTOR  AGE 

!  !  FACTOR  MATRIX 

!  !  AGE  X  matrix 

F(3.352)=  U.9S  :  p<  .002  1 
F(2.352)=  73.74  ;  p'.OOOO  1 
F(6.352)=  5.41  :  p< .0000  I 

IPRE-TRAINED  SUBJECTS  !  FACTOR  AGE 
!  !  FACTOR  MATRIX 

!  !  AGE  X  MATRIX 

F(3.207)=7.34  :  p( .0000  1 
F(2.207)=  50.08:  p(.0000  ! 
F(6,207)=  :  NS  ! 

MEAN  REALIZATION  TIME  (MTR) 

lANOVA  (AGE  X  MATRIX)  ! 

1  _  1 

! NAIVE  SUBJECTS  !  FACTOR  AGE 

!  !  FACTOR  MATRIX 

!  !  AGE  X  MATRIX 

F{3.352)=  29.41  :  p- .0000  ! 
F{2.352)=23.45  :  p' .0000  * 
F(6,352)=2.8  :  P' .01  I 

IPRE-TRAINED  SUBJECTS  !  FACTOR  AGE 

I  !  FACTOR  MATRIX 

!  !  AGE  X  matrix 

F(3.207)=14.94  :  p< .0000  1 
F(2.207)=51 .89  :  p' .0000  1 
F(6,207)=  :  NS  1 

MEAN  LATENCY  TIME  (MTL) 

!ANOVA  (AGE  X  MATRIX)  ! 

1  I 

! NAIVE  SUBJECTS  !  FACTOR  AGE 

!  !  FACTOR  MATRIX 

f  !  AGE  X  MATRIX 

F(3.352)=30. 16  :  p<.0000  1 
F(2.352)=5.5e  :  p< .004  1 
F(6.352)=3. 11  :  p<.006  ! 

IPRE-TRAINED  SUBJECTS  !  FACTOR  AGE 

!  FACTOR  MATRIX 

!  !  AGE  X  MATRIX 

F(3.207)=34.33;  p<.0000  I 
F(2,207)=9.09  -.  p<  .0000  ! 
F(6.207)=3.6  :  p< .002  I 

TABLE  1  44  ;  U(S).  U(CS),  UaS),  MTR,  MIL:  AN07A  (ace  x 
matnz)  m  tte  fist  and  in  the  second  sessions  (after  H). 


%  CORRECT  SEQUENCES  (%CS) 


!  AGE 

!  5-6  Y.O.  ! 

1  . 

9-10  Y.O. 

!  14-15  Y.O 

1 

ADULTS  ! 

j 

i 

!  F(2.74)=.02! 

*  NS  ! 

X2=36 . 49 

p< . 0000 

!  X2=41.37 

•  p< . 0000 

j 

j 

X2=22.73  ! 

p< . 0000  ! 

!  1=  GN 
!  2=  R 
!3=  D 

1  12  3  ! 

!  1  ! 

!  2  ! 

!  3  i 

1 

2 

3 

1  $  3 

« 

i  153 

!  1  * 

!  2 

!  3  • 

1 

!  1 
!  2 
!  3 

1  ?  3  1 

j 

M  j 

X  DOMINANT 

SEQUENCE  (XDS) 

!  AGE 

1  5-6  Y.O.  ! 

9-10  Y.O. 

!  14-15  Y.O 

1 

1 _ 

ADULTS  ; 

1 

1 

!  F(2.74)=6.1! 

!  p<0.003  ! 

X2=41 .46 
p<  . 0000 

!  X2=31.68 

•  p  <  .  0  0  0  0 

1 

j 

i 

X2=34.79  i 
p<  . 0000  ! 

i 

il=  GN 
!  2=  R 
!  3=  D 

!  12  3  ! 

f  1  ! 

!  2  ! 

!  3  •  ! 

1 

3 

12  3 

S 

t 

j  12  3 

•  1 
!  2 
!  3 

i 

i  1 
!  2 
!  3 

12  3  i 

s  t 

NB.  CORRECT  DIFFERENT  SEQUENCES  (NCS) 

!  AGE 

!  5-6  Y.O.  ! 

9-10  Y.O. 

*  14-15  Y.O 

1 

ADULTS  1 

i 

j 

!  F{2,74)=2.2! 

!  NS  ! 

X2=21 . 50 

p  <  . 0000 

!  X2=28.11 

!  p  <  .  Cl  0  0  0 

f 

1 

X2=29.33  ! 

p  '  .  0  0  0  0  ! 

i 

!  1=  GN 
!  2-  R 
!3=  D 

!  12  3  ! 

!  1  ! 

!  2  t 

!  3  t 

1 

2 

3 

12  3 

« 

«  9 

i  12  3 

!  1 
!  2 
!  3 

j 

!  1 
!  2 
!  3 

12  3  ! 

*  *  f 

NB. INCORRECT 

DIFFERENT  SEQUENCES  (NcS) 

1  AGE 

!  5-6  Y.O.  ! 

9-10  Y.O. 

!  14-15  Y.O 

1 

1.1 _ 

ADULTS  1 

j 

i 

!  F ( 2 , 74 )  =  .  4  ! 

!  NS  ! 

X2=39 . 48 

p<  0 . 0000 

!  X2=42.24 

!  p<0.0000 

i 

i 

X2=26.66  ! 

p  <  0 . 0  0  0  0  ! 

i 

!  1=  GN 
!  2=  R 
!3=  D 

!  12  3  ! 

!  1  ! 

!  2  ! 

!  3  ! 

1 

3 

12  3 

c 

«  « 

!  12  3 

»  1  * 

!  2 

?  3  » 

i 

1  1 
!  2 
!  3 

12  3  ! 

«  f 

t  1 

NB 

SEQUENCES 

DIFFERENT  2 

PREVIOUS  (NSD2) 

1  AGE 

!  5-6  Y.O.  ! 

9-10  Y.O. 

!  14-15  Y.O 

1 

ADULTS 

1 

j 

!  F(2,74)=3.9! 

!  p>.02  ! 

X2=22.09 

p  <  0 . 0000 

!  X2=36.e9 

!  p<  . 0000 

t 

j 

j 

i 

X2=43 . 7 

p  <  .  0000 

i 

il=  GN 
!2=  R 
.'3=  D 

!  ! 

!  12  3  ! 

!  1  ! 

!  2  ! 

!  3  •  ! 

1 

2 

3 

12  3 

«  < 

i  12  3 

?  1 
!2 

!3  •  • 

j 

i  1 
!  2 
!  3 

12  3 

V  * 

TABU  1  45  ;  «CS,  «DS,  NCS,  NIS,  NSD2:  -AN07A  (urntm) 
and  NrvmBn-kanb  fesramoiic  the  5-6  Y.O.,  inte  fixstsessioiL 

-Kirskal-Wanis 

(matrix)  and  Mann-Traitney  lestj  amoo^  9-10  T  O.,  14-15  T  O, 

ADULTS,  in  tbe  fist  sesskUL 

(*)  fruiicafcji  a  sipificant  diffeieoce  viih  P<  06. 


SO 


SEQUENCES  UNCERTAINTY 


(U(S)  ) 


!  AGE 

!  5-6  Y.O.  ! 

9-10  Y.O. 

d 

< 

ADULTS 

I  F(2.74)=3.2! 

X2=40 . 44 

•  X2=30.8 

X2=2e . 77 

!  p<  . 04  ! 

t  1 

p< . 0000 

!  p< . 0000 

p ' . 0000 

!  12  3  i 

12  3 

?  12  3 

12  3 

!  1=  GN 

!  1  ! 

1 

!  1 

f  1 

!  2=  R 

!  2  ! 

2 

» 

!  2 

!  2 

!3=  D 

!  3  *  ! 

3 

• 

!  3  *  • 

!  3 

»  « 

CORRECT  SEQUENCES  UNCERTAINTY  (U(CS) ) 


!  AGE 

!  5-6  Y.O. 

1 

9-10  Y.O. 

!  14-15  Y.O. 

1 

^  1 _ 

ADULTS 

j 

!  Ff2.74)=4 

.5! 

X2=26.73 

!  X2s32.67 

j 

X2=36. 17 

j 

i 

!  p<0.01 

1 

1 

j 

p<  . 0000 

!  p< . 0000 

j 

t 

p< . 0000 

1 

!  12  3 

i 

12  3 

!  12  3 

i 

12  3 

!1=  GN 

!  1 

!  1 

!  1 

!  1 

!2=  R 

!  2 

!  2 

« 

!  2 

!  2 

!  3=  D 

!  3  * 

!  3 

«  % 

!  3  *  • 

!  3 

9  a 

INCORRECT  SEQUENCES  UNCERTAINTY  (U(XS) ) 

*  AGE 

f _ _ 

I  5-6  Y.O. 

1 

9-10  Y.O. 

!  14-15  Y.O. 

ADULTS 

1 

1 

i  F(2.74)s. 

98! 

X2=40.7 

!  X2=39.94 

j 

X2=27.81 

1 

1 

!  NS 

1 

f 

f 

p< . OOOO 

!  p< . 0000 

j 

p< . 0000 

i 

!  12  3 

i 

12  3 

!  12  3 

j 

12  3 

!  1=  GN 

!  1 

!  1 

!  1 

!  1 

!  2=  R 

.'  2 

!  2 

a 

!  2  •  * 

I  2 

a  a 

!  3s  D 

!  3 

!  3 

•  a 

!  3 

1 

MEAN  REALIZATION  TIME  (MTR) 

!  AGE 

!  5-6  Y.O. 

! 

9-10  Y.O. 

!  14-15  Y.O. 

1 

ADULTS 

1 

1 

j 

i  F  (  2 . 7i. )  =  . 

37' 

X2=ie . 30 

!  X2=17.19 

i 

X2=30 . 14 

j 

f 

!  NS 

1 

J 

f 

p<  0 . 0001 

!  P' 0.0002 

j 

j 

p '  0  .  C'  0  0  0 

i 

!  12  3 

! 

12  3 

!  12  3 

i 

12  3 

!  1=  GN 

!  1 

!  1 

!  1 

!  1 

!  2=  R 

!  2 

!  2 

a 

!  2 

!  2 

a 

!3=  D 

*  3 

!  3 

a 

?  3  * 

!  3 

•  a 

MEAN  LATENCY  TIME  (MTL) 

!  AGE 

!  5-6  Y.O. 

1 

9-10  Y.O. 

!  14-15  Y.O. 

1 

ADULTS 

1 

i 

i  F(2,74)=l 

.  5  ! 

X2=12.44 

!  X2  = 

i 

X2=20.03 

i 

» 

!  NS 

1 

1 

f 

p<0.002 

f  NS 

f 

i 

p  <  . 0000 

i 

!  12  3 

j 

12  3 

I  12  3 

1 

12  3 

!1=  GN 

!  1 

!  1 

!  1 

!  1 

!2=  R 

!  2 

!  2 

a 

J  ^ 

!  2 

a 

!3=  D 

!  3 

!  3 

a 

!3 

!  3 

a 

TABLE  1  46  ;  U(S),  U(CS),  UGS),  MTR,  MTL:  -ANOYA  (n«nx) 
and  HeirvxoaihlCeQis  est  amoog  rlie  S-6  T.O. ,  in  tbe  fist  session. 

-Kitsknl-WallB 

(matrix)  and  Mann-TOu  ney  fcstj  among  9-10  T.O.,  14-15  Y.O, 
ADULTS,  in  the  first  session. 

(*)  a  Significant  difference  vith  P<.05. 
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SUJETS  PREENTP.AINES 


%  CORRECT  SEQUENCES  (%CS) 


1 

AGE 

!  5-6  Y.O.  ! 

.» - 

9-10  Y.O.  !  14-15  Y.O.  | 

ADULTS  • 

j 

j 

i 

1  F{2.42)*6.8! 

!  p< . 003  ! 

•  1 

F(2,54)=13.f  F(2,53)=10.l 

p< . 0000  !  p< . 0001  ! 

t  t 

F(2.59)=9.2i 
P'  .  0003  '. 

i 

i  1= 
!2= 
.'3* 

N 

R 

D 

i  12  3  ! 

!  1  •  ! 

!  2  ! 
.'3  *  ! 

12  3  i  12  3  i 

1  ■  !  1  •  ! 

2  !  2  ! 
3  •  !  3  •  ! 

12  3  ! 

1  •  ! 

2  ! 
3  ■  ! 

X  DOMINANT  SEQUENCE  (XDS) 

AGE 

1  5-6  Y.O.  f 

9-10  Y.O.  !  14-15  Y.O.  [ 

ADULTS  ! 

f 

i 

i 

i  F(2,42)=6.5! 

!  p<0.003  ! 

t  1 

F(2,54)=9.e!  F{2.53)=19.i 

p< . 0002  !  p< . 0000  ! 

1  1 

F(2.59)=18. 1 
p<  .  0000  ! 

» 

i  1  = 

!  2  = 

!  3= 

N 

R 

D 

12  3  f 

!  1  ! 

!  2  •  ! 

r  3  •  ! 

12  3  i  12  3  1 

1  !  1  ! 
2  ■  !  2  •  ! 

3  •  !  »  f 

12  3  ! 

1  ! 
2  »  ! 

3  »  ! 

NB.  CORRECT  DIFFERENT  SEQUENCES  (NCS) 

1 

AGE 

1  5-6  Y.O.  ! 

9-10  Y.O.  !  14-15  Y.O.  * 

ADULTS  I 

i 

1 

1 

!  F{2.42)=  ! 

!  NS  ! 

1  I 

F(2.54)=9.7(  F(2.53)=49. 1 

p< . 0002  ?  p< . 0000  ! 

F(2.59)=18.  1 
P' . 0000  ! 

i 

1  1  = 

!  2= 

!  3= 

N 

R 

D 

i  12  3  ! 

!  1 

!  2  ! 

!  3  ! 

12  3  !  12  3  ! 

1  !  1  ! 
2  •  !  2  ! 
3  *  !  3  •  ■  ! 

12  3  ! 

1  ! 

2  ! 

3  .  t  , 

SB. INCORRECT  DIFFERENT  SEQUENCES  (NXS) 

f 

AGE 

1  5-6  Y.O.  ! 

9-10  Y.O.  !  14-15  Y.O.  « 

ADULTS  ! 

j 

j 

t 

!  F(2.42)=9.9! 

!  p< . 0003  ! 

1  1 

Ff2.54)=25.!  F(2.53)=13.l 

p<0.OOOO  ?  p<0.000u  ! 

F(2,59)=13. ! 

p<  0 . 0000  ! 

li; 

!  3= 

N 

R 

D 

!  12  3  ! 

f  1  •  ! 

!  2  ! 

!  3  •  ! 

12  3  i  12  3  ! 

1  »  .'1  »  ! 

2  *  2  ! 

?  3  *  ? 

12  3  ! 

1  •  ! 

2  ! 
3  •  ! 

NB  SEQUENCES  DIFFERENT  2  PREVIOUS  (NSD2) 

j 

AGE 

!  5-6  Y.O.  ! 

9-10  Y.O.  !  14-15  Y.O.  1 

ADULTS  ! 

i 

i 

( 

I  F(2.42)=5.2! 

!  p>.0009  ! 

?  f 

!  12  3  ! 

!  1  ! 

t  9  I 

!  3  *  ■  ! 

F(2,54)=13.!  F(2,53)=51.! 

P'.O.OOOO  !  p<  .0000  ! 

F(2 , 59) =42 . ! 
p< . 0000  ! 

j 

!  1  = 

!  2= 

!  3= 

N 

R 

D 

12  3  !  12  3  i 

1  !  1  ! 

2  !  2  ! 

3  •  ■  !3  •  •  ! 

12  3  ! 

1  ! 

2  ! 

3  •  •  ! 

TABLE  1  47  : 

«CS,  «DS,  NCS,  NIS 

HSD2;  -  ANOVA  {vMnx) 

and  HemnnaQ-Kenb  lest  for  each  a^e  (lotip,  in  the 
(*)  indicaies  a  sigiu&ant  difCeance  P<.05. 


\ 
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SEQUENCES  UNCERTAINTY  (U(S) ) 


!  AGE 

1 

5-6  Y.O. 

t 

9-10  Y.O. 

!  14-15  Y.O. 

ADULTS  ! 

J 

j 

F(2.42)=5.9! 

F(2.54)=12. 

!  F(2.53)=15. 

F(2.59)=13. i 

j 

i 

p< . 0005 

• 

p< . 0000 

!  p< . 0000 

1 

p< .0000  ! 

f 

i 

j 

12  3 

I 

1 

12  3 

i  12  3 

12  3  i 

*1=  N 

!  1 

9 

i  1 

f  1 

1 

1 

!2s  R 

!  2 

!  2 

m 

!  2 

2 

a  j 

(3*  D 

!  3 

9 

!  3 

a 

13 

3 

a  a  f 

CORRECT  SEQUENCES  UNCERTAINTY  (U(CS)) 

!  AGE 

1 

1  _ 

5-6  Y.O. 

! 

9-10  Y.O. 

!  14-15  Y.O. 

ADULTS  ! 

! ————————— 

! 

!  F(2,42)=5.1! 

F(2.54).9.8 

!  F(2.53)»37. 

F{2.59)=22. ! 

! 

! 

p<  0 . 01 

1 

p< .0002 

!  p<.0000 

p<.0000  ! 

j 

1 

i 

1 

! 

! 

i 

j 

12  3 

1 

12  3 

!  12  3 

12  3  ! 

.'!«  N 

!  1 

1 

!  1 

1 

1 

•2=  R 

!  2 

a 

!  2 

!  2 

2 

j 

*3=  D 

!  3 

a 

!  3 

a  * 

!  3  •  • 

3 

a  a  j 

INCORRECT  SEQUENCES  UNCERTAINTY  (U(XS) ) 


AGE 

1  5-6  Y.O.  • 

9-10  Y.O. 

!  14-15  Y.O. 

1  ADULTS 

i  Ft  2, ^2) =4.1! 

!  p<  . 02  ! 

F(2.54)=2e 

p<  .  0000 

.!  F(2.53)=13. 

!  p< . 0000 

1  F(2.59)=ll. 

*  p<  . 0001 

1=  N 

2=  R 

3=  D 

i  12  3  i 

!  1  ‘  !  1 

12  !  2 
!  3  *  !  3 

12  3 

a 

a 

!  12  3 

!  1  • 

!  2 

!  3  • 

i  12  3 

!  1  • 

!  2 

!  3  * 

MEAN  REALIZATION  TIME  (MTR) 

AGE 

!  5-6  Y.O.  ! 

9-10  Y.O. 

*  14-15  Y.O. 

1  ADULTS 

!  F{2.^2)=4.6! 

!  p< . 01  ! 

F(2.54)=18 

p<  0 . 0000 

.!  F(2,53)=20 

!  p<0.0000 

i  Ft2,59)=18. 

!  p< 0.0000 

1 

1=  N 

2=  R 

3=  D 

I  12  3  i 

!  1  !  1 

!  2  •  !  2 
!  3  !  3 

•  n 
^  ^  J 

a 

a 

!  12  3 

!  1  • 

*  2 

!  3  » 

!  12  3 

!  1 
*  2 

!  3  * 

MEAN  LATENCY  TIME  (MTL) 

AGE 

!  5-6  Y.O.  ! 

9-10  Y.O. 

!  14-15  Y.O. 

!  ADULTS 

i  Ft  2. 42) =4. 9! 

!  P< . 01  ! 

f  f 

Ft  2. 54)  = 
NS 

!  Ft  2. 53)  = 

!  NS 

f 

!  Ft  2. 59) =3. 2 

!  p< . 0000 

1=  N 

2=  R 

3=  D 

i  12  3  i 

!  1  !  1 
!  2  »  !2 

!  3  •  !3 

12  3 

i  12  3 

!  1 
!  2 
!3 

!  12  3 

!  1 
!  2 
!  3 

TABLE  1  46  :  U(S), U(CS),  U(1S). MTR,  MIL:- AHOYA (matrix) 
anlNcTivinaB-KeTils  lest  foi  each  age  fiDfiqi,  in  tta  icxuoh 

(•)  a  sij:iuficani  diflerenoe  arith  P<.05. 
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%  CORRECT  SEQUENCES  (T.CS) 


!  ANOVA 

(AGE  X  PRE-TRAINING) 

f 

!  FACTOR  AGE 

:  F(3.344)=  15.4 

p<  .  0000 

! 

?  FACTOR  PRE-T. 

;  F(4,3i,4)  = 

NS 

! 

!  AGE  X  PRE-T 

:  F(12.344)s 

;  NS 

\ 

%  DOMINANT  SEQUENCE  (XDS) 


! ANOVA  (AGE  X  PRE-TRAINING) 

1 

f 

!  !  FACTOR 
!  !  FACTOR 
!  !  AGE  X 

AGE 

PRE-T. 

PRE-T 

;  F{3,344)=  3.76 
:  F(4.344)=  6.43 
:  F( 12.344)=  1.94 

p<  .  01 
p<  .  0000 

:  p< . 03 

i 

f 

\ 

NB  CORRECT  DIFFERENT  SEQUENCES  (NCS) 


! ANOVA 

1 _ _ 

(AGE  X  PRE-TRAINING) 

1 

i 

I 

!  FACTOR  AGE 

;  F(3,344)=7.57 

p- . 0000 

j 

j 

!  FACTOR  PRE-T. 

:  F(4,344)=S.l 

p  <  . 0000 

j 

!  AGE  X  PRE-T 

:  F(12,344)=  1.82 

p<  .  04 

j 

NB. INCORRECT  DIFFERENT  SEQUENCES  (NTS) 


ANOVA  (AGE  X  PRE-TRAINING) 


FACTOR  AGE  :  F(3.34A)=  18,98  :  P':.0000 

FACTOR  PRE-T.  :  F(4.34i.)=  :  HS 

AGE  X  PRE-T  :  F(12.344)=  :  NS 


NB  SEQUENCES  DIFFERENT  2  PREVIOUS  (NSD2) 


! ANOVA 

1 _ 

(AGE  X  PRE-TRAINING) 

r 

i 

j 

!  FACTOR  AGE 

:  F(3.344)=12.91 

;  P' . 0000 

I 

j 

!  FACTOR  PRE-T. 

;  F(4,34^)=io.ee 

:  p  <  .  0  0  0  0 

j 

j 

!  AGE  X  PRE-T 

:  F( 12, 344 ) =2 . 37 

p ' . 006 

p 

TABLE  1  49  :  %CS.  %DS,  NCS,  NIS,  NSD2:  -  ANO?A  (age  x 
pie-truiuDC)  in  (be  tbirt  sesnon. 
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SEQUENCES  UNCERTAINTY  (U(S) 


1  ANOVA 

(AGE  X  PRE-TRAINING) 

!  FACTOR  AGE 
!  FACTOR  PRE-T. 

!  AGE  X  PRE-T 

;  F(3,344)= 

;  F(4, 3441=6. 26 
;  F(12,344)=l .93 

:  NS 

;  p'  . 
:  p< 

0000 
.  03 

CORRECT  SEQUENCES  UNCERT A I NT Y  ( U { CS ) ) 


ANOVA  (AGE  X  PRE-TRAINING) 


!  FACTOR  AGE  :  F ( 3 , 344 ) =8 . 37  :  p<.0000 
!  FACTOR  PRE-T.  ;  F ( 4 , 344 ) s7 . 50  :  p<.0000 
!  AGE  X  PRE-T  :  F ( 12 . 344 ) =2 . 12  :  p<.01 


INCORRECT  SEQUENCES  UNCERTAINTY  {U(IS)) 


<  ANOVA 

t  -  -  « 

(AGE  X  PRE-TRAINING) 

1 

i 

f  FACTOR  AGE 

:  F(3,344)=22.31 

p  f  . 0000 

\ 

i 

!  FACTOR  PRE-T. 

:  F(4.344)= 

NS 

i 

1 

!  AGE  X  PRE-T 

;  F( 12.344)= 

;  NS 

j 

MEAN  REALIZATION  TIME  (MTR) 


'ANOVA  (AGE  X  PRE-TRAINING)  ! 

t  ^  1 

!  !  FACTOR  AGE 

!  !  FACTOR  PRE-T. 

!  !  AGE  X  PRE-T 

:  F(3.344)=29.64 
:  F(4, 3441=2.71 

;  F(12,344)=2.05 

;  p  <  .  0000 

;  p  <  . 03 
:  p<  . 02 

i 

1 

j 

MEAN  LATENCY  TIME  (MTL) 


ANOVA  (AGE  X  PRE-TRAINING) 


FACTOR  AGE  ;  F ( 3 . 344 ) =40 . 23  :  p'.OOOO 

FACTOR  PRE-T.  ;  F(4,344)=  NS 

AGE  X  PRE-T  :  F(12.344)=  :  NS 


TABLE  1  50  U(S),  U(CS),  U(IS),  MTR,  Mil;  -  ANOYA  («ge  x 

pre-tramios)  m  (be  tbM  sessun. 
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X  CORRECT  SEQUENCES  (XCS) 


!  AGE 

1  5-6  Y.O. 

!  9-10  Y.O. 

*  14-15  Y.O.  1 

ADULTS 

1 

j 

t 

f  NS 

t 

f  NS 

!  F(4,93)=3. 1 i 

!  p<.02  ! 

NS 

i 

! 1=  NNN 
<2=  NRN 
>3=  NDN 
!4=  DRN 
! 5=  RDN 

!  12  3  4  5 

!  1 
!  2 
!  3 
!  4 

!  5 

!  1  2  3  4  5 

!  1 

2 

!  3 
!  4 

!  5 

!  1  2  3  4  5  ! 

*  1  ! 

•  2  ! 

*  3  ! 

!  4  ! 

!  5  »  *  ! 

1  2  3  4  5 

1 

2 

3 

4 

5 

X  DOMINANT  SEQUENCE  (%DS) 

!  AGE 

!  5-6  Y.O. 

!  9-10  Y.O. 

!  14-15  Y.O.  ; 

ADULTS 

i 

i  NS 

!  F(4.06)=4.9 

!  p<.001 

!  F(4,93)=4.6! 

!  p< .002  ! 

NS 

! 1 =  NNN 

!2=  NRN 
! 3=  NDN 
f4=  DRN 
!  5=  RDN 

!  1  2  3  4  5 

!  1 
!  2 
!  3 
!  4 

f  5 

!  1  2  3  4  5 

!  1  • 

!  2  •  • 

!  3 
!  4 

!  5 

.'  1  2  3  4  5  ! 

!  1  ! 

!  2*  •  *  •  r 

*  1 

•  4  i 

?  5  ! 

1  2  3  4  5 

1 

2 

3 

5 

NB.  CORRECT  DIFFERENT  SEQUENCES  (NCS) 


•  AGE 

!  5-6  Y.O. 

!  9-10  Y.O.  ! 

14-15  Y.O.  J 

ADULTS  1 

i 

i 

i 

!  NS 

!  F(4.86)=4.0! 

!  p<  . 005  ! 

f  t 

F(4,93)=5.8! 
p<  . 0003  f 

F(4.95)=2.5! 
p  <  . 05  ! 

i 

! 1 =  NNN 
!2=  NRN 
!3=  NDN 
!4=  DRN 
! 5=  RDN 

!  1  2  3  4  5 

!  1 
!  2 
'  3 
'  4 
!  5 

i  1  2  3  4  5  1 

!  1  ! 

!  2  ! 

t  7  < 

14**  i 

!  5  ! 

1  2  3  5  i 

1  ! 

3  ! 

4  * 

5  ! 

1  2  3  4  5  i 
1  ! 

2 

■5  ^  1 

4  ' 

5  ! 

NB. INCORRECT  DIFFERENT  SEQUENCES  (NIS) 


!  AGE  ! 

t  1 

5-6  Y.O. 

!  9-10  Y.O. 

!  14-15  Y.O.  J 

ADULTS  1 

j  i 

i  j 

f  j 

i  i 

! 1 =  NNN  ! 

!2=  NRN  ! 

! 3=  NDN  ! 

.'  4=  DRN  ! 

! 5=  RDN  ! 

NS 

1  2  3  4  5 

1 

O 

3 

4 

5 

1 

i  NS 

( 

i  1  2  3  4  5 
!  1 
!  2 
!  3 
!  4 

!  5 

!  F(^.93)=3.3! 

!  p< . 01  ! 

1  t 

!  1  2  3  4  5  ! 

!  1  ! 

!  2  ! 

!  3  ! 

!  4  ! 

*5  •  *  ! 

t 

NS  ! 

1 

1  2  3  4  5  ! 

1  ! 

2  ! 

1 

4  * 

5  ! 

NB  SEQUENCES 

DIFFERENT  2  PREVIOUS  (NSD2) 

!  •  AGE  ! 

1 _ 1, 

5-6  Y.O. 

!  9-lC  Y.O. 

!  14-15  Y.O.  I 

ADULTS  ! 

!  f 

!  1 

j  i 

i  i 

' 1 =  NNN  ? 

!2=  NRN  ! 

! 3=  NDN  ! 

!4=  DRN  ! 

.'  5=  RDN  ! 

NS 

1  2  3  4  5 

1 

2 

3 

4 

5 

f  F{4,06)=5.5 
!  p< . 0005 

1 

i  1  2  3  4  5 
'  1 
!  2 
!  3* 

t  4*  » 

.'  5 

!  F(4,93)=6.9i 

!  p< . 0001  ! 

1  t 

!  1  2  3  4  5  i 

?  1  > 

12*  t  »  »  1 

!  3  ! 

!  4  *  ! 

•  5  ! 

F(4 , 95 ; =3 , 1  ! 
p< . 02  ! 

1  2  3  4  5  ! 

•  *  t 

2  ! 
3  ! 

<4  ! 

5  ! 

TABLE  1  51  :  «CS.  «DS.  NCS.  NIS.  NSD2:  -  ANOVA 
(pit- trenuDc)  and  Nmnan-Kenb  test  for  each  a^e  (lotip,  in  the  4xnd 
session. 

mdicain  A  nernificant  diffennce  vilhP<  05. 
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SEQUENCES  UNCERTAINTY  (U(S)) 


!  AGE 

!  5-6  Y.O. 

!  9-10  Y.O. 

I 

14-15  Y.O. 

1 

ADULTS  : 

i 

i 

J  F(4.86)=4. 

2! 

F(4,93)=5. 

4  1 

i 

i 

!  NS 

!  p< . 004 

f 

f 

p<  .  0005 

1 

i 

NS  ! 

1 

i 

!  1  2  3  4  5 

!  1  2  3  4  5 

j 

1  2  3  4  5 

i 

1  2  3  4  5  ! 

! 1 =  NNN 

!  1 

!  1 

1 

1 

j 

1  ! 

!2=  NRN 

!  2 

!  2 

i 

2  V  «  •  t 

j 

2  ! 

!3=  NON 

!  3 

I  3 

j 

3 

i 

3  ! 

!4=  DRN 

!  4 

»  4 »  < 

j 

4 

j 

4  ! 

! 5=  RDN 

!  5 

!  5 

j 

5 

i 

5  ! 

CORRECT  SEQUENCES  UNCERTAINTY  (U(CS)) 

1  AGE 

1  5-6  Y.O. 

!  9-10  Y.O. 

! 

14-15  Y.O. 

1 

ADULTS  : 

j 

( 

!  F(4.e6)=4. 

7! 

F(4,93)=5. 

7  1 

1 

i 

!  NS 

!  p< .002 

1 

1 

p< . 0004 

1 

f 

NS  ! 

1 

i 

!  1  2  3  4  5 

i  1  2  3  4  5 

j 

1  2  3  4  5 

f 

1  2  3  4  5  i 

! 1=  NNN 

!  1 

!  1 

* 

1 

i 

1  ! 

!2=  NRN 

!  2 

!  2 

i 

2  *  t  t  a 

i 

2  ! 

! 3=  NON 

!  3 

!  3 

i 

3 

1 

3  » 

!4=  DRN 

!  4 

!  4»  * 

j 

4 

i 

4  i 

! 5=  RDN 

!  5 

!  5 

i 

5 

i 

5  ! 

INCORRECT  SEQUENCES  UNCERTAINTY  (U(IS)) 

!  AGE 

» _ 

!  5-6  Y.O. 

!  9-10  Y.O. 

t 

14-15  Y.O. 

1 

ADULTS  ! 

1 

i 

t 

1 

F(4.93)=2. 

5! 

i 

i 

!  NS 

!  NS 

t 

j 

P<  .  04 

t 

1 

NS  ! 

t 

1 

!  1  2  3  4  5 

!  1  2  3  4  5 

j 

1  2  3  4  5 

j 

1  2  3  4  5  I 

! 1=  NNN 

!  1 

!  1 

i 

1 

1 

1  ! 

?2=  NRN 

!  2 

?  2 

i 

i 

2 

!3=  NDN 

!  3 

!  3 

i 

3 

j 

3  ! 

!4=  DRN 

!  4 

!  4 

j 

4 

j 

4  • 

!S=  RDN 

!  5 

!  5 

i 

5  » 

j 

5  ! 

MEAN  REALIZATION  TIME  (MTR) 

!  AGE 

'  5-6  Y.O. 

!  9-10  Y.O. 

! 

14-15  Y.O. 

ADULTS  : 

t 

i 

t 

» 

1 

F(4,95)=3.5! 

i 

!  NS 

!  NS 

i 

NS 

! 

t 

p<  .  01  ! 

1 

!  1  2  3  4  5 

i  1  2  3  4  5 

j 

1  2  3  4  5 

j 

1  2  3  4  5  ! 

! 1=  NNN 

!  1 

!  1 

I 

1 

1 

1  ! 

! 2=  NRN 

!  2 

!  2 

j 

2 

i 

2  ! 

! 3=  NDN 

!  3 

!  3 

j 

3 

j 

3  ! 

f4=  DRN 

!  4 

!  4 

j 

4 

j 

4*  ’  «  •  ! 

!5=  RDN 

!  5 

!  5 

j 

5 

j 

5  ! 

MEAN  LATENCY  TIME  (MTL) 


*  AGE 

1 _ 

!  5-6  Y.O. 

!  9-10  Y.O. 

1  14-15  Y.O. 

;  ADULTS  ] 

j 

1 

i 

!  NS 

1 

!  NS 

1  NS 

i  i 

!  NS  ! 

t  f 

i 

i 1=  NNN 
!2=  NRN 

! 3=  NDN 
!4=  DRN 
!5=  RDN 

!  1  2  3  4  5 

!  1 
!  2 
!  3 
!  4 

!  5 

i  1  2  3  4  5 
!  1 
!  2 
!  3 
!  4 

!  5 

!  1  2  3  4  5 

!  1 
!  2 
!  3 
!  4 

!  5 

i  1  2  3  4  5  ! 

!  1  ! 

!  2  ! 

!  3  ! 

!  4  ! 

!  5  ! 

TABLE  1.52  ;  U(S),  U(CS),  UGS),  MTR,  MTL;  -  ANOVA 
(pi^-truxuus)  aitd  Kevmm-l^Qb  test  Ibi  etch  a(e  fnnip,  m  At  thsd 

sessioiL 

(*}  nxiicates  asipQi&antdiffieisiiCB  ▼iIhP<.05. 
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7  '/ 


X  CORRECT  SEQUENCES  (*CS) 


!  SESSIONS 

f— —  ........... 

N 

! 

N 

1 

N 

t 

f 

F.  (3.69)=5.4e 

f 

F. (3.69)=2.27 

1 

F 

.  <3. 69)  =  . 93 

f 

i 

p<  0 . 0019 

1 

1 

NS 

j 

f 

NS 

j 

i 

12  3  4 

i 

12  3  4 

j 

12  3  4 

j 

! 1=  5-6  y .O. 

1 

i 

1 

I 

1 

i 

!2*  9-10  Y.O. 

2 

a 

1 

2 

i 

2 

j 

!3=  14-15  Y.O. 

3 

a 

i 

3 

f 

3 

j 

!4==  ADULTS 
j  _ _ _ 

4 

a 

1 

4 

i 

4 

j 

i  SESSIONS 

1 

N 

1 

R 

t 

N 

1 

f 

F. (3.68)»6.97 

t 

F. (3.68)*3.90 

( 

F. 

(3.68)*5.92 

j 

! 

! 

f 

p<  0 . 0004 

i 

( 

P<0.0123 

i 

t 

! 

p<  0 . 0012 

f 

I 

1 

12  3  4 

j 

j 

1 

12  3  4 

1 

12  3  4 

i 

i 

! 1*  5-6  Y.O. 

j 

!2*  9-10  Y.O. 

2 

a 

i 

2 

j 

2 

a 

1 

!3«  14-15  Y.O. 

3 

a 

j 

3 

a 

j 

3 

a 

j 

!4*  ADULTS 

4 

a 

i 

4 

a 

j 

4 

a 

j 

i  SESSIONS 
» _ _ _ _ _ - 

N 

1 

D 

» 

N 

1 

i 

F. (3.70)=4.53 

1 

F. (3,70) =11 .5 

1 

F. 

(3.70)*4.91 

1 

p<  0 . 0058 

j 

f 

p< . 0000 

j 

i 

p< . 0037 

i 

♦ 

f 

12  3  4 

j 

12  3  4 

i 

12  3  4 

i 

! 1=  5-6  Y.O. 

1 

; 

1 

1 

1 

1 

!2=  9-10  Y.O. 

2 

a 

1 

2 

a 

i 

2 

a 

i 

!3=  14-15  Y.O. 

3 

a 

j 

3 

a 

i 

3 

a 

j 

! 4=  ADULTS 

1 

4 

a 

i 

4 

a 

\ 

4 

a 

i 

!  SESSIONS 

D 

» 

R 

1 

N 

1 

i 

F.  (3.67)=5.0a 

f 

F.  (3.e7)=7.44 

» 

F  . 

(3.67)=1 .48 

*1 

j 

p<  0 . 0031 

j 

f 

p<  0 . 0002 

i 

f 

NS 

f 

f 

i 

12  3  4 

j 

12  3  4 

j 

12  3*. 

1 

f 1=  5-6  Y.O. 

1 

I 

1 

1 

1 

» 

!2=  9-10  Y.O. 

2 

a 

j 

2 

i 

2 

j 

!3=  14-15  Y.O. 

3 

a 

f 

3 

a 

j 

3 

j 

!4=  ADULTS 

4 

a 

i 

4 

a 

1 

4 

j 

i  SESSIONS 

R 

f 

D 

1 

N 

1 

f 

F . ( 3 , 70 ) =7 . 96 

1 

F. (3.70)=6.42 

1 

F 

.  ( 3 , 70 ) =9 . 6 

i 

f 

p<  0 . 0001 

1 

i 

p  <  0 . 0  0  0  7 

j 

f 

p  <  .0000 

j 

i 

i 

12  3  4 

j 

12  3  4. 

i 

12  3  4. 

j 

! 1=  5-6  Y.O. 

1 

a 

! 

1 

1 

1 

1 

!2=  9-10  Y.O. 

2 

j 

a 

1 

A. 

a 

j 

!3=  14-15  Y.O. 

3 

a 

f 

3 

a 

I 

a 

j 

! 4=  ADULTS 

4 

a 

f 

4 

a 

1 

u 

a 

j 

t  SESSIONS  ! 

1  ..  .  1 

GN 

1 

R 

1 

D  ; 

i  i 

F. 

(3.215)»15.62 

J 

F. (3.70)=7.96 

1 

F. (3, 70) =5. 09  ! 

!  ! 

!  ! 

!  1 

p<  .  0000 

• 

f 

p< . 0001 

i 

i 

p<  . 003  ! 

12  3  4 

j 

12  3  4 

i 

1  2  3  4  i 

!1=  5-6  Y.O.  i 

1 

!  1 

a 

!  1 

1 

!2=  9-10  Y.O.  ! 

2 

a 

!2 

!  2 

a  1 

!  3=  14-15  Y.O. ! 

3 

a 

!3 

a 

!3 

a  f 

! 4=  ADULTS  • 

4 

a 

!  4 

a 

!  4 

a  1 

TABU  1  53  ;  9fCZ  :  ANOVA  (tgt)  asd  NeTinaxhKetils  »t  for  each 
expemoeDtoi  gioxip,  m  each  session,  and  for  each  matnz  t^pe,  in  the 
first  aessira. 
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X  DOMINANT  SEQUENCE  (XDS) 


!  SESSIONS  1 

N 

1 

N  ! 

N 

1 

f  j 

F.  (3. 69)  =  . 35 

1 

F.(3.69)*.76  * 

F 

. (3,69)= .81 

i 

j  ! 

NS 

i 

1 

NS  ! 

1 

NS 

j 

•  1 

12  3  4 

i 

1  2  3  4  i 

12  3  4 

j 

! 1=  5-6  Y.O.  ! 

1 

f 

1 

!  1 

1 

r2=  9-10  Y.O.  ! 

2 

■ 

1 

2 

•  !  2 

8 

i 

?  3=  14-15  Y.O. ! 

3 

1 

j 

3 

•  !  3 

a 

1 

! 4=  ADULTS  | 

4 

S 

I 

4 

•  1  4 

a 

f 

I  SESSIONS  1 

N 

t 

R  ! 

N 

1 

i  ! 

F. (3. 68) =.24 

f 

F. (3.68)=1 .81  ! 

F. 

(3,68)=! .87 

] 

1  ! 

NS 

f 

i 

NS  1 

NS 

j 

i  i 

12  3  4 

j 

1  2  3  4  ! 

12  3  4 

j 

!  1=  5-6  Y.O.  ! 

1 

j 

1 

!  1 

1 

!2=  9-10  Y.O.  ! 

■ 

j 

2 

!  2 

a 

1 

!3*=  14-15  Y.O.  ! 

3 

a  a 

j 

3 

!  3 

a  a 

j 

1 4=  ADULTS  1 

4 

a  a 

j 

4 

*  4 

a  a 

j 

I  SESSIONS  i 

N 

f 

D  ! 

N 

1 

f  j 

F.  (3.70)=1 .84 

t 

F.(3.70)=22  ! 

F. 

(3.70)=3.74 

j 

j  j 

f  t 

NS 

1 

i 

p< . 0000  i 

p  <  .014 

1 

i  t 

12  3  4 

f 

1  2  3  4  ! 

12  3  4 

1 

!  1=  5-6  Y.O.  ! 

1 

1 

1 

!  1 

I 

!2=  9-10  Y.O.  ! 

2 

8 

i 

•  !  2 

V 

1 

! 3=  14-15  Y.O. ! 

3 

8 

j 

3 

•  •  !  3 

a 

i 

! 4=  ADULTS  ! 

4 

8 

1 

4 

•  •  !  4 

a 

j 

!  SESSIONS  i 

D 

1 

R  ! 

N 

1 

t  j 

F.  (3.67)=7.42 

1 

F. (3.67)=6. 16  ! 

F  . 

(3,67)=3.26 

j 

i  j 

(  f 

p<  0 . 0002 

j 

p<0.009  ! 

p  <  . 026 

j 

\ 

i  i 

12  3  4 

j 

1  2  3  4  ! 

12  3a 

\ 

!  1=  5-6  Y.O.  ! 

1 

1 

1 

•  !  1 

f 

! 2=  9-10  Y.O.  ! 

f 

j 

»  !  2 

a 

\ 

! 3=  14-15  Y.O. ! 

3 

8 

f 

3 

*  !  3 

a  a 

i 

! 4=  ADULTS  ] 

4 

1 

j 

4 

*  !  4 

a 

i 

!  SESSIONS  i 

R 

f 

D  ! 

N 

1 

j  j 

F.  (3.70)=8 

F. (3,70)=4.39  ! 

F. 

(3.70)=1 .52 

! 

\  i 

p<  0 . 0001 

i 

p<0.0069  ! 

NS 

j 

f  j 

12  3  4 

j 

1  2  3  4  ! 

12  3  4 

1 

! 1=  5-6  Y.O.  ! 

1 

8 

! 

1 

!  1 

» 

! 2=  9-10  Y.O.  ! 

2 

8 

j 

2 

•  !2 

a 

f 

! 3=  14-15  Y.O. ! 

3 

a 

j 

T 

*  !  3 

* 

I 

! 4=  ADULTS  ! 

4 

a 

!4 

• 

a 

1 

! 

»  -  • 

SESSIONS  * 

GN 

1 

R 

1 

D 

i 

i 

F. 

(3.215)=1 .67 

f 

F.  (3.70=8.003 

J 

F. {3.70)*7.42 

i 

1 

j 

NS 

j 

i 

p< . 0001 

j 

p< .0002 

f 

i 

12  3  4 

j 

12  3  4 

i 

12  3  4 

!  1  = 

5-6  Y.O.  ! 

1 

!  1 

a 

!  1 

!  2  = 

9-10  Y.O.  ! 

2 

!2 

!2 

a 

!  3  = 

14-15  Y.O. • 

3 

!  3 

a 

!  3 

8 

!  4  = 

ADULTS  ! 

4 

!  4 

a 

!  4 

8 

TABU  1  54  :  98DS  :  ANOVA (aje)  and  Ne-niMii-Kenb  l»t  foi  each 
expencoenttl  poTqi,  in  each  aession,  and  for  each  matrix  tj*pe,  in  the 
fim  sessioiL 


NB.  CORRECT  DIFFERENT  SEQUENCES  (NCS) 


*  SESSIONS 

1 

! - 

N 

1 

N 

1 

N 

1 

F 

. (3. 69) -.40 

1 

F. (3.69)=1 . 

56 

F.  (3,69)=1 .01 

f 

i 

NS 

1 

i 

1 

NS 

NS 

i 

il»  5-6  Y.O. 

12  3  4 

12  3  4 

12  3  4 

[  1 

j 

1 

!  1 

!2*  9-10  Y.O. 

2 

i 

2 

!  2 

!3*  14-15  Y.O. 

3 

I 

3 

!  3 

|4«  ADULTS 

4 

f 

4 

!  4 

I  SESSIONS 

N 

1 

R 

1 

N 

i 

F 

. (3,68)».12 

! 

F.  C3.68)*. 

97 

1 

F.  (3.68}»2.31 

NS 

! 

! 

! 

NS 

1 

f 

NS 

12  3  4 

12  3  4 

i 

12  3  4 

! 1«  5-6  Y.O. 

1 

i 

1 

!  1 

!2=  9-10  Y.O. 

2 

f 

2 

!  2 

!3*  14-15  Y.O. 

3 

1 

3 

!  3 

!4=  ADULTS 

1 

4 

j 

4 

!  4 

I  SESSIONS 

N 

! 

D 

1 

N 

F. 

(3. 70) =5. 36 

1 

F. (3.70)=25 

.99 

J 

F.  (3,70)=5.58 

f 

p< . 0022 

j 

f 

p  <  .0000 

j 

i 

p<  .0017 

i 

12  3  4 

j 

12  3  4 

i 

12  3  4 

! 1=  5-6  Y.O. 

1 

1 

1 

!  1 

!2=  9-10  Y.O. 

2 

j 

2 

a 

!  2 

!3=  14-15  Y.O. 

3 

* 

i 

3 

a  a 

!  3 

a 

!4=  ADULTS 

4 

« 

I 

4 

a  a 

!  4 

a 

i  SESSIONS 

D 

1 

R 

• 

N 

1 

F  . 

(3.67)=9.28 

f 

F. (3.67)=6. 

38 

1 

F.  (3.67)=2.52 

f 

p<  0 . 0000 

j 

f 

p<  0 . 0007 

i 

p<  .  065 

j 

12  3  4 

i 

12  3  4 

j 

12  3  4 

! 1=  5-6  Y.O. 

1 

j 

1 

a 

!  1 

!2=  9-10  Y.O. 

2 

M 

i 

2 

.'  2 

a 

!3=  14-15  Y.O. 

3 

1 

I 

3 

a 

!  3 

!4=  ADULTS 

44 

■ 

j 

4 

a 

!  4 

!  SESSIONS  * 

_ 

R 

1 

D 

1 

N 

j 

F. 

(3,70)=5.82 

f 

F. (3.70)=4. 

77 

! 

F.  (3.70)=2.02 

j 

p<  0 . 0013 

j 

p  <  0 . 004^ 

i 

NS 

j 

12  3  4 

! 

12  3  4 

( 

12  3  4 

! 1=  5-6  Y.O. 

1 

* 

i 

1 

!  1 

!  2=  9-10  Y.O. 

2 

1 

2 

a 

!2 

!3=  14-15  Y.O. 

3 

« 

1 

3 

a 

!  3 

!4=  ADULTS 

4 

S 

1 

4 

a 

!  4 

1  SESSIONS 

1  ^ 

GN 

1 

R 

* 

D 

1 

i  If. 

(3.215)»3.23 

f 

F. <3.70)=5.82 

J 

F. (3.70)=9.29 

j 

! 

1 

p<  .02 

1 

i 

p< .001 

f 

i 

p<  . 0000 

j 

i 

! 

12  3  4 

i 

12  3  4 

i 

12  3  4 

1 

! 1=  5-6  Y.O. 

1 

!  1 

a 

i  1 

j 

! 2=  9-10  Y.O. 

2 

f2 

*2 

a 

1 

!3=  14-15  Y.O. 

3 

a 

!3 

a 

*3 

a 

i 

!4=  ADULTS 

4 

a 

!  4 

a 

•  4 

a 

i 

TABLE  I  S  :  HCS  ;  ANOVA  (afe)  sad  Hemuaa-Kfob  «st  Ua nch 
expenxueiml  {nnip,  ia  each  jejaicm,  and  for  each  nxim  t^pa,  in  te 
fim  session. 
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NB.  INCORRECT  DIFFERENT  SEQUENCES  (NIS) 


!  SESSIONS 

N 

! 

N 

! 

N 

( 

F.  (3.69)x5.36 

! 

F. (3.69)*3. 19 

1 

F. (3.69)=1 .57 

f 

p< .0022 

f 

1 

i 

p< . 028 

i 

1 

J 

NS 

j 

12  3  4 

12  3  4 

12  3  4 

j 

!1=  5-6  Y.O. 

:  1 

i 

1 

!  1 

i 

!2*  9-10  Y.O. 

'  2 

< 

! 

2 

a 

!  2 

j 

!3*  14-15  Y.O. 

3 

a 

1 

3 

a 

!  3 

j 

!4i=  ADULTS 
• 

4 

■ 

i 

4 

a 

!  4^ 

j 

i  SESSIONS 

N 

1 

R 

! 

N 

f 

!  I 

F. (3.6e)«6.66 

1 

F. (3.6e)»3.07 

t 

F. (3.68)»6.22 

] 

1  ! 

•  1 

p< .0005 

i 

1 

i 

p< .033 

i 

1 

p< .0008 

j 

! 

12  3  4 

12  3  4 

i 

12  3  4 

j 

!1«  5-6  Y.O. 

1 

• 

1 

!  1 

! 

12=  9-10  Y.O. 

2 

a 

1 

2 

!  2 

a 

1 

!3=  14-15  Y.O. 

3 

a 

I 

3 

!  3 

a 

j 

!4*  ADULTS 

f _ 

4 

a 

j 

4 

\  4 

a 

j 

I  SESSKWS 

N 

f 

D 

1 

N 

f 

-  -  - 

F. (3.70)=1 .52 

t 

F. (3.70)=5.68 

1 

F. (3.70)=4.45 

j 

NS 

j 

f 

p< . 0015 

j 

i 

p< . 0063 

j 

1 

12  3  4 

j 

12  3  4 

j 

12  3  4 

j 

!1=  5-6  Y.O. 

1 

1 

1 

!  1 

f 

!2=  9-10  Y.O. 

2 

i 

2 

a 

!  2 

j 

!3=  14-15  Y.O. 

3 

a 

i 

3 

a  a 

!  3 

a 

j 

!4=  ADULTS 

4 

a 

I 

4 

a  a 

!  4 

a 

j 

1  SESSIONS 

D 

1 

R 

1 

N 

1 

F.  (3.67)=2.97 

1 

F.  (3. 67) =7. 19 

t 

F. (3.67)=3.17 

j 

p<  0 . 037 

j 

t 

p<  0. 0003 

j 

p< . 0296 

j 

f 

12  3  4 

j 

12  3  4 

f 

12  3  4 

j 

*1=  5-0  Y.O. 

1 

i 

1 

!  1 

1 

!2=  9-10  Y.O. 

2 

a 

j 

2 

a 

!  2 

1 

!3=  14-15  Y.O. 

3 

a 

i 

3 

!  3 

a 

1 

!4=  ALULTS 

4 

a 

j 

4 

a 

!  4 

1 

i  SESSIONS 

R 

1 

D 

1 

N 

» 

F.  (3.70)=7.49 

1 

F. {3.70)=3.58 

1 

F. (3.70)=6. 17 

I 

p<  0 . 0002 

j 

p<  0 . 017 

j 

p< . 0009 

j 

1 

12  3  4 

i 

12  3  4 

i 

1  2  3  *4 

j 

! 1=  5-6  Y.O. 

1 

1 

1 

!  1 

] 

! 2=  9- 10  Y.O. 

2 

a 

j 

2 

L2 

a 

i 

!3=  14-15  Y.O. 

3 

a 

i 

3 

!  3 

a 

1 

! 4=  ADULTS 

4 

a 

i 

4 

a 

f  4 

a 

j 

1 

i  -  - 

SESSIONS 

GN 

1 

R 

J 

D 

» 

f 

i 

F. 

(3,215)=11 

.69  f 

F. (3.70)=7.49 

f 

F. (3.70)=2.97 

f 

t 

1 

p< . 0000 

1 

p<0.0002 

i 

p< .037 

j 

i 

! 

\ 

i 

1 

t 

( 

12  3  4 

j 

12  3  4 

! 

12  3  4 

1 

!  1  = 

5-6  Y.O. 

1 

!  1 

a 

!  1 

] 

*  2  = 

9-10  Y.O. 

2 

a 

!2 

!2 

j 

!  3  = 

14-15  Y.O 

3 

a 

!3 

a 

!  3 

i 

!  4  = 

ADULTS 

4 

a 

!4 

a 

!  4 

j 

TABLE  1  56  :  NIS  ANOVA(ace)  and  NenauhLeTib^st  for  each 
erpennxntal  exoxip.  in  each  session,  and  for  each  matrix  t^pa,  in  tha 
fimsessxm. 
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NB.  SEO.  DIFF.  2  PREV.  (NSD2) 


«  SESSIONS 

I  _ _ _ 

N 

f 

N 

f 

N 

f 

f 

' 

F 

. (3.69)« .61 

1 

F. 

(3.69)-3. 

19 

1 

F. {3.69)=2.95 

i 

i 

NS 

j 

p< . 028 

1 

i 

p< . 038 

i 

i 

12  3  4 

j 

12  3  4 

j 

12  3  4 

j 

!1=  5-6  Y.O. 

1 

!  1 

!  1 

! 

!2=  9-10  Y.O. 

2 

« 

?  2 

a 

!  2 

i 

!3=  14-15  Y.O. 

3 

a 

•  3 

a 

!  3 

a 

i 

!4=  ADULTS 

4 

a 

!  4 

a 

!  4^ 

1 

1  SESSIONS 
• 

N 

f 

R 

f 

N 

1 

i  "  i 

F 

. (3. 60)=. 35 

f 

F 

. (3.60)=. 

55 

! 

F. (3.68)=2.43 

j 

f  1 

a  i 

NS 

i 

NS 

f 

NS 

j 

» 

12  3  4 

j 

12  3  4 

j 

12  3  4 

j 

! 1«  5-6  Y.O. 

1 

!  1 

!  1 

1 

!2=  9-10  Y.O. 

2 

a 

!  2 

!  2 

a 

j 

!3=  14-15  Y.O. 

3 

a 

!  3 

!  3 

a 

j 

!4=  ADULTS 

1 

4 

a 

!  4 

!  4 

a 

i 

i 

!  SESSIONS 

1 

N 

1 

D 

f 

N 

F. 

(3.70)=S.39 

5 

F. 

(3.70) =44 

.  16 

1 

F. (3.70)=7.60 

j 

t 

p< . 0021 

1 

1 

p  <  .  0000 

j 

p« . 0002 

12  3  4 

j 

12  3  4 

i 

12  3  4 

1=  5-6  Y.O. 

1 

!  1 

’  1 

!2=  9-10  Y.O. 

2 

!  2 

a 

f  2 

!3=  14-15  Y.O. 

3 

a 

!  3 

a  a 

!  3 

8  a 

!4=  ADULTS 

4 

a 

!  4 

a  a 

f  4 

a 

i  SESSIONS 

D 

f 

R 

1 

N 

F. 

(3.67)=18.37 

f 

F  . 

(3,67)=3. 

66 

1 

F. (3.67) =3. 07 

t 

p<  0 . 0000 

j 

t 

p  <  0 . 0 1 6 

j 

i 

p^  .  023 

12  3  4 

j 

12  3  4 

i 

12  3  4 

!1=  5-6  Y.O. 

1 

!  1 

a 

!  1 

!2=  9-10  Y.O. 

2 

a 

’  2 

a 

!  2 

t 

'3=  14-15  Y.O. 

3 

a 

!  3 

a 

!  3 

a 

!4*  ADULTS 

4 

a 

!  4 

a 

!  4 

!  SESSIONS 

R 

1 

D 

f 

N 

j 

F. 

{3.70)=5.04 

» 

F  . 

(3.70)=11 

.  09 

1 

F . ( 3 .70 } . 57 

f 

p<  0 . 0032 

j 

p  <  .0000 

i 

p  <  .0056 

1 

12  3  4 

j 

12  3  4 

i 

12  3  4 

! 1=  5-6  Y.O. 

1 

a 

1 

!  1 

!2=  9-10  Y.O. 

2 

a 

» 

a 

!  2 

a 

!3=  14-15  Y.O. 

3 

a 

!3 

a 

L3 

a 

!4=  ADULTS 

4 

a 

!  4 

a 

!  ^ 

a 

f 

i  - 

SESSIONS 

GN 

R 

1 

D 

1 

1 

F. (3.215)»4.04 

f 

F. (3.70)=5.04 

1 

F. (3.70)=ie.37 

i 

i 

p< . 008 

! 

1 

p<  0 . 0032 

i 

i 

p<  . 0000 

t 

i 

i 

i  1  = 

5-6  Y.O. 

12  3  4 

1 

1 

!  1 

12  3  4 

j 

i  1 

12  3  4 

j 

1 

!  2= 

9-10  Y.O. 

2 

!2 

12 

a 

f 

!  3= 

14-15  Y.O. 

3  • 

»3 

!3 

a 

j 

!4  = 

ADULTS 

4 

.'  4 

a  a 

!  4 

a 

j 

TABLE  1  57  ;  NSD2  :  AN07A  (ije)  and  NeTOia-K«Tds  Wt  far 
each  >tp»rTTn«»niii  in  each  session,  and  for  each  tnaTrir  TTpe,  in 
the  first  session. 
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SEQUENCES  UNCERTAINTY  (U(S) ) 


!  SESSIONS 

1 

1  -  -  - 

N 

—  r* 

t 

N 

1 

N 

! 

F 

.  {3.69)«  . 

28 

1 

F 

. (3.69)«  . 

37 

! 

F. (3,69)= .38 

NS 

1 

NS 

! 

NS 

i 

! 

! 

! 

12  3  4 

1 

12  3  4 

1 

12  3  4 

! 1=  5-6  Y.O. 

!  1 

i 

1 

! 

1 

!2*  9-10  Y.O. 

2 

i 

2 

! 

2 

f3«  14-15  Y.O. 

'  3 

t 

3 

f 

3 

(4=  ADULTS 

1  4 

1  . 

f 

4 

! 

4  . 

!  SESSIONS 

1  _ _ 

i 

1  -  -  - 

N 

! 

R 

! 

— 

N 

i 

1 

F 

. (3,68)-. 

63 

1 

F. 

{3,68)»1  . 

99 

1 

F. {3.6e)»2.35 

! 

i 

NS 

t 

NS 

1 

NS 

!  ! 

i 

1 

!  ! 

12  3  4 

1 

12  3  4 

i 

12  3  4 

fl«  5-6  Y.O. 

1  1 

f 

1 

; 

1 

!2*  9-10  Y.O. 

2 

1 

2 

i 

2 

!3»  14-15  Y.O. 

3 

i 

3 

j 

3 

|4=  ADULTS 

1  4 

i 

4 

1 

4 

i  SESSIONS 

N 

» 

D 

1 

N 

F  . 

(3.70)=1  . 

71 

! 

F. 

{3.70)»15 

.78 

f 

F. {3,70J=3.03 

NS 

I 

1 

1 

p< . 0000 

! 

i 

p< . 034 

12  3  4 

12  3  4 

j 

12  3  4 

! 1=  5-6  Y.O. 

1 

1 

1 

! 

1 

!2=  9-10  Y.O. 

2 

• 

2 

* 

f 

2 

!3=  14-15  Y.O. 

3 

i 

3 

a  a 

i 

3 

|4=  ADULTS 

4 

! 

4 

a  a 

1 

4 

a 

i  SESSIONS 

D 

1 

R 

! 

N 

F  . 

(3,67)=4 . 

69 

F  . 

(3.67)=9. 

99 

1 

F.  (3.67)=2.33 

p<  0 . 0048 

i 

p<  0 . 0000 

j 

i 

NS 

12  3  4 

j 

12  3  4 

j 

12  3  4 

.'1*  5-6  Y.O. 

1 

i 

1 

a 

i 

1 

!2=  9-10  Y.O. 

2 

S 

j 

2 

i 

2 

!3=  14-15  Y.O. 

3 

t 

j 

3 

a 

j 

3 

!4a  ADULTS 

4 

• 

i 

4 

a 

i 

4 

!  SESSIONS 

R 

1 

D 

N 

F. 

(3,70)=8. 

62 

f 

F. 

(3.70)=2. 

33 

1 

F. {3, 70)=. 70 

p<  0 . 0001 

i 

j 

j 

NS 

I 

1 

NS 

12  3  4 

12  3  4 

i 

12  3  4 

!  1=  5-6  Y.O. 

1 

« 

1 

1 

f 

1 

to 

II 

lO 

1 

0 

►< 

b 

2 

*2 

j 

2 

!3=  14-15  Y.O. 

3 

« 

• 

3 

!3 

!4=  ADULTS 

4 

!  4 

j 

4 

! 

t  -- 

SESSIONS  ! 

GN 

t 

R 

I 

D  ; 

I 

i 

F. (3.215)* 

! 

F. (3.70)«8.62 

! 

F. (3.70)»4.69  i 

i 

! 

NS 

! 

p<  0 . 0001 

t 

p< . 0049  ! 

1 

t 

f 

i 

i 

i 

12  3  4 

• 

12  3  4 

t 

1  2  3  4  ! 

.'1  = 

5-6  Y.O.  .» 

1 

.'  1 

a 

!l 

f 

!  2= 

9-10  Y.O.  ! 

2 

!2 

!  2 

a  t 

!  3= 

14-15  Y.O. ! 

3 

!3 

a 

•3 

a  1 

!  4  = 

ADULTS  ! 

4 

!4 

a 

!  4 

a  f 

TABU  1.58  ;  U(S) :  AN07A  («je)  and  Nevnan-ICenb  *5t  for  each 
expemnenad  sroiip<  ^  each  sessm,  axal  tor  each  maiziz  tjpe,  in  the 
SaxsesstriL 


/ 
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CORRECT  SEQUENCES  UNCERTAINTY  (U(CS) ) 


SESSIONS 

N 

! 

N 

N 

F 

.  (3. 69)  =  . 41 

! 

F.  (3.69)*1 .45  ! 

F. {3.69)=1 .21 

NS 

NS  ! 

f 

NS 

12  3  4 

f 

1  2  3  4  1 

12  3  4 

1  1.  5-6  Y.O. 

1 

1 

1 

12=  9-10  Y.O. 

2 

2 

2 

13=  14-15  Y.O. 

3 

i 

3 

3: 

!4»  ADULTS 

4 

! 

4 

!  4J 

!  SESSIONS 

f «  _ _ 

N 

! 

R  1 

N 

!  ■' 

F 

.  (3,60)  =  . 08 

1 

F. (3.68)*1 .36 

F. (3.60)»1 .88 

1 

NS 

! 

NS 

NS 

!  — 

f 

1  ! 

12  3  4 

j 

12  3  4 

12  3  4 

!  1=  5-6  Y.O. 

1 

1 

1 

!2=  9-10  Y.O. 

2 

2 

3=  14-15  Y.O. 

3 

3 

3 

4«  ADULTS 

4 

4 

4 

SESSIONS 

N 

D 

1 

N 

F. 

(3. 70) =4. 57 

1 

F. (3.70)=29.63 

F. (3.70)*5.77 

p<  . 0055 

p< . 0000 

p  <  . 034 

12  3  4 

12  3  4 

12  3  4 

1=  5-6  Y.O. 

1 

i 

1 

1 

2=  9-10  Y.O. 

2 

2 

• 

2 

13=  14-15  Y.O. 

3 

« 

3 

•  • 

3 

a 

4=  ADULTS 

4 

S 

4 

t  • 

4 

a 

SESSIONS 

D 

R 

N 

F. 

(3.67)=11 . 12 

I 

F.  (3.67)=8.05 

F.  (3,67)=3.54 

p<  0 . 0000 

p<  0 . 0001 

p< .019 

12  3  4 

12  3  4 

12  3  4 

1=  5-6  Y.O. 

1 

1 

a 

1 

2=  9-10  Y.O. 

2 

S 

i 

2 

2 

a 

3=  14-15  Y.O. 

3 

« 

3 

a 

3 

a 

4=  ADULTS 

4 

1 

M 

a 

4 

SESSIONS 

R 

D 

f 

N 

F. 

(3.70)=6.47 

5 

F. (3.70)=6.5 

F. {3.70)=3.26 

p<  0 . 0006 

j 

t 

p< . 0006 

p< . 023 

i 

12  3  4 

12  3  4 

12  3  4 

!  1=  5-6  Y.O. 

1 

« 

1 

1 

1 

!2=  9-10  Y.O. 

2 

i 

2 

a 

2 

a 

!3=  14-15  Y.O. 

3 

V 

i 

3 

a 

3 

a 

!4=  ADULTS 

4 

s 

f 

4 

a 

4 

a 

!  SESSIONS 

! 

1 

i 

GN 

! 

R 

1 

_ P _ ! 

!  F. 

(3.215)*2.80 

! 

F. <3.70)*6.42 

I 

F. (3. 70) =11 . 12  i 

! 

1 

p< .037 

1 

p<  0 . 0006 

f 

p< .0000  ! 

1 

• 

i 

! 

» 

i 

12  3  4 

f 

12  3  4 

! 

1  2  3  4  ! 

i 1=  5-6  Y.O. 

!  1 

!  1 

a 

!  1 

1 

!2=  9-10  Y.O. 

*  2 

!2 

*2 

a  f 

!3»  14-15  Y.O. 

!  3 

a 

?3 

a 

!  3 

a  f 

!4=  ADULTS 

.'  4 

14 

a 

!4 

a  ( 

TABLE  1  59  ;  U(CS)  :  AN07A  (ace)  aixl  NcTOn-KeTib  «st  tor 
Mcb  expenmenttl  potip,  m  each  session,  and  for  each  UBtrix  Tjpe,  m 
the  first  session. 
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INCORRECT  SEQUENCES  UNCERTAINTY  (U(IS)) 


•  SESSIONS 

I 

1 

N 

! 

N  i 

N 

1 

f 

!  1 

F.  (3.69)«3.39 

1 

F.(3.69)-3.8  J 

F. (3.69)=2.73 

i 

!  ! 

p< . 022 

1 

p<.013  t 

p<  .05 

\ 

!  ! 

1 

! 

i 

!  ! 

12  3  4 

! 

1  2  3  4  ! 

12  3  4 

• 

!  1*  5-6  Y.O. 

1 

f 

1 

1 

j 

!2=  9-10  Y.O. 

2 

s 

t 

2 

■ 

2 

a 

} 

!3»  14-15  Y.O. 

3 

m 

i 

3 

» 

3. 

i 

!4s  ADULTS 

i 

4 

9 

! 

4 

■  {  4_ 

9 

! 

i  SESSIONS 

N 

f 

R  ! 

N 

1 

\ 

F.  (3.68)«3.26 

1 

F. {3.68)«2.42 

-F.  (3. 68)  =6. 36 

i 

! 

p< .026 

! 

NS 

p< .0007 

5 

! 

1 

i 

! 

12  3  4 

1 

12  3  4 

12  3  4 

i 

!1*  5-6  Y.O. 

1 

i 

1 

1 

12=  9-10  Y.O. 

2 

• 

! 

2 

2 

a 

13=  14-15  Y.O. 

3 

■ 

1 

3 

3 

a 

14=  ADULTS 

1 

4 

S 

1 

4 

4 

a 

1  SESSIONS 

1 

N 

f 

D 

N 

J 

t  1 

F. (3.70) « .74 

1 

F. (3.70)=4.65  ! 

F. (3,70)=3.47 

NS 

i 

p< . 0051 

p< . 020 

12  3  4 

i 

12  3  4 

12  3  4 

1=  5-6  Y.O. 

1 

j 

1 

1 

2=  9-10  Y.O. 

'  2 

i 

2 

2 

3=  14-15  Y.O. 

:  3 

i 

3 

a 

3 

a 

4=  ADULTS 

4 

I 

4 

a 

4 

SESSIONS 

D 

1 

R 

N 

F. (3,67)=3.99 

1 

F. (3.67)=8.60 

F. (3,67)=8. 12 

i 

p<  0 . 0112 

i 

p<  0 . 0001 

p<  .  0001 

12  3  4 

j 

12  3  4 

12  3  4 

1=  5-6  Y.O. 

1 

i 

1 

a 

1 

2=  9-10  Y.O. 

2 

f 

2 

a 

2 

3=  14-15  Y.O. 

3 

*  t 

j 

3 

3 

a  a 

4=  ADULTS 

4 

1  9 

j 

4 

a 

4 

a  a 

SESSIONS 

R 

t 

D 

N 

F. {3.70)=7.37 

1 

F.  (3.70)=3. 14 

F. (3,70)=4.98 

p<  0 . 0002 

f 

p<  .  0303 

p< . 0034 

12  3  4 

j 

12  3  4 

12  3  4 

1=  5-6  Y.O. 

1 

f 

1 

1 

2=  9-10  Y.O. 

2 

a 

f 

2 

2 

a 

!3=  14-15  Y.O. 

3 

a 

j 

3 

3 

a 

!4=  ADULTS 

4 

a  a 

j 

4 

4 

a 

! 

f  ■■ 

SESSIONS 

GN 

f 

R 

! 

D 

1 

1 

j  F. 

(3.215)«5.73 

! 

F. (3.70)«7.38 

1 

F. (3,70)»3.99 

f 

! 

! 

p< .0009 

1 

p<0.0002 

i 

p<  .  01 

i 

1 

i 

! 

1 

• 

12  3  4 

f 

12  3  4 

! 

12  3  4 

j 

!  1  = 

5-6  Y.O. 

1 

!  1 

!  1 

1 

!  2  = 

9-10  Y.O. 

2 

a 

!2 

a 

!2 

i 

!  3= 

14-15  Y.O. 

3 

a 

!3 

a 

!3 

a  a 

\ 

t  4  = 

ADULTS 

4 

a 

!4 

a  a 

!  4 

a  a 

1 

TABLE  1  60  :  UGS)  :  AN07A  (age)  tod  Nrvman-Kenb  Wt  for 
each  ezpenmeiittl  groop,  in  each  sessicm,  and  for  each  iiiiria  9pe,  in 
the  fiist  session. 
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MEAN  REALIZATION  TIME 


!  SESSIONS 

N 

! 

N 

1 

N 

! 

F. (3,69)=4. 18 

f 

F. (3.69)=10 

.  78 

f 

F.  (3.69)=2.e8 

* 

p  <  . 0088 

1 

i 

p<  .  0000 

j 

i 

p<  .042 

I 

12  3  4 

t 

12  3  4 

1 

12  3  4 

fl=  5-6  y.O. 

1 

} 

1 

1 

!2=  9-10  Y.O. 

2 

a 

j 

2 

a 

i 

^  a 

!3=  14-15  y.O. 

3 

a 

3 

a 

t 

3  • 

|4»  ADULTS 

4 

a 

i 

4 

a 

i 

4  • 

1  SESSIONS 

1  _ 

N 

! 

R 

! 

N 

! 

F.  (3.68)=14.52 

1 

F. (3.68)»2. 

04 

1 

"F. (3,68) *27.55 

! 

p<  .  0000 

! 

NS 

! 

r  p< . 0000 

I 

! 

12  3  4 

i 

12  3  4 

i 

12  3  4 

!  li-  5-6  Y.O. 

1 

1 

! 

1  - 

12=  9-10  y.O. 

2 

a 

2 

2  • 

!3=  14-15  Y.O. 

3 

a  a 

f 

3 

3  •  • 

ADULTS 

4 

a  a 

! 

4 

i 

4  »  • 

i  SESSIONS 

1 

' 

N 

D 

N 

i  i 

F.  (3,70)=14.09 

} 

F. (3.70)=9. 

39 

J 

F. (3.70)=13.86 

1 

p  <  . 0000 

p< . 0000 

p< . 0000 

! 

12  3  4 

12  3  4 

12  3  4 

! 1=  5-6  y.O. 

1 

1 

1 

!2=  9-10  Y.O. 

2 

a 

2 

a 

2 

!3=  14-15  Y.O. 

3 

a 

3 

a 

3 

!4=  ADULTS 

4 

a 

4 

a 

4  • 

i  SESSIONS 

0 

1 

R 

N 

F. (3.67)=12.36 

1 

F.  (3.67)=1  . 

96 

! 

F.  (3, 67) =2. 74 

p<  0 . 0000 

i 

t 

NS 

f 

p  <  .0497 

12  3  4 

12  3  4 

! 

12  3  4 

! 1=  5-6  Y.O. 

1 

j 

1 

a 

1 

1 

!2=  9-10  Y.O. 

2 

a 

j 

2 

a 

» 

2 

! 3=  14-15  Y.O. 

3 

a  a 

j 

3 

i 

! 

3  •  • 

(4=  ADULTS 

4 

a  a 

f 

4 

a 

f 

4  • 

!  SESSIONS 
»  -  - 

R 

J 

D 

1 

N 

i 

F. (3,70)=1 .87 

1 

F. (3.70)=11 

26 

1 

F.  (3.70)*13.e0 

i 

f 

NS 

f 

f 

p< . 0000 

f 

p  <  .0000 

i 

12  3  4 

1 

12  3  4 

12  3  4 

! 1=  5-6  Y.O. 

1 

a 

f 

1 

1 

1 

!2=  9-10  Y.O. 

2 

a 

f 

a 

j 

2  • 

!3=  14-15  Y.O. 

3 

a 

i 

3 

a 

i 

3  * 

!4=  ADULTS 

4 

a  a 

i 

4 

a 

1 

4  » 

I  SESSIONS 

ON 

I 

R 

D 

» 

F. 

(3.215)=26.17 

I 

F. (3.70)* 

F. f3.70)*12.37 

j 

p< . 0000 

1 

i 

NS 

p  <  .0000 

j 

i 

1 

» 

12  3  4 

j 

12  3  4 

12  3  4 

1 

! 1=  5-6  y.O. 

1 

!  1 

!  1 

1 

»2*  9-10  Y.O. 

2 

a 

!2 

!2 

a 

j 

13*  14-15  Y.O. 

3 

a  a 

*3 

!  3 

a  a 

I 

!4*  ADULTS 

4 

a  a 

!  4 

!  4 

a  a 

1 

TABLE  1  61 ;  MTR  ;  ANOVA  (age)  anl  Ncvnaik-F^Tib  itst  foi  eadi 
erpenzoentol  gsovf,  m  each  aesskm,  and  for  each  matm  i^pe,  in  1bi 

fixsteessniL 

/ 
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MEAN  LATENCY  TIME  (MTL) 


f  SESSIONS 

1 

' 

1 

N 

1 

N 

N 

!  ! 

F. (3,69'=8.34 

F.  {3,69)=8.44 

F. (3,69)=13.42 

»  f 

p< . 0001 

f 

p< . 0001 

j 

p< .0000 

!  i 

i 

(  I 

12  3  4 

12  3  4 

i 

12  3  4 

! 1=  5-6  Y.O. 

1 

i 

1 

1 

*2«  9-10  Y.O. 

2 

• 

! 

2 

8 

j 

2 

8 

!3-  14-15  Y.O. 

3 

S 

3 

9 

1 

3- 

8 

!4«  ADULTS 

!  4 

• 

1 

4 

9 

1 

4^ 

8 

t 

_ 

_ 

j  SESSIONS 

1  — 

N 

! 

R 

I 

■* 

N 

i 

• 

F.  (3.68)=14.86 

F.  {3.6e)  =  ll .5 

! 

F. (3.68)»17.34 

i 

i 

1 

p< . 0000 

i 

NS 

1 

p< . 0000 

t 

!  ! 

\ 

I 

i 

1 

12  3  4 

12  3  4 

j 

12  3  4 

!1«  5-6  Y.O. 

1 

! 

1 

1 

•2=  9-10  Y.O. 

* 

! 

2 

8 

( 

2 

8 

!3=  14-15  Y.O. 

3 

• 

; 

3 

8 

i 

3 

8 

i 

•4==  ADULTS 

4 

« 

j 

4 

8 

1 

4 

8 

_ 

1  SESSIONS 

1  _ _ _ 

N 

9 

D 

N 

f 

F. (3.70)=4.55 

f 

F. (3.70)=16.18 

F. (3,70)=7.73 

! 

*  ! 

•  1 

p< .0056 

p<  . 0000 

p< . 0002 

f 

12  3  4 

12  3  4 

12  3  4 

! 1=  5-6  Y.O. 

1 

1 

1 

!2=  9-10  Y.O. 

• 

2 

8 

2 

8 

!3=  14-15  Y.O. 

3 

• 

3 

8 

3 

8 

!4=  ADULTS 

1 

4 

a 

4 

8 

4 

8 

!  SESSIONS 

D 

R 

N 

F.  f3.67)=18.62 

F.  (3,67)=13.14 

! 

F. (3.67)=5.15 

i 

p  <  0 . 0000 

i 

p<  0 . 0000 

f 

p< . 0029 

12  3  4 

12  3  4 

j 

12  3  4 

! 1=  5-6  Y.O. 

1 

f 

1 

8 

j 

1 

!2=  9-10  Y.O. 

2 

t 

j 

2 

8 

i 

n 

8 

f3=  14-15  Y.O. 

3 

8  8 

f 

3 

t  8 

j 

2 

8 

!4*  ADULTS 

4 

9  9 

4 

8 

4 

8 

i  SESSIONS 

-  -  - 

R 

D 

N 

1 

F. (3.70)=1 . 32 

F. (3,70)=3.52 

F. C3,70>=5. 19 

NS 

p< .0193 

p< . 0027 

12  3  4 

12  3  4 

12  3  4 

! 1=  5-6  Y.O. 

1 

t 

1 

1 

!2=  9-10  Y.O. 

2 

8 

2 

8 

1 

2 

a 

13=  14-15  Y.O. 

3 

8 

i 

3 

8 

1 

3 

8 

*4=  ADULTS 

4 

8  8 

j 

4 

8 

j 

4 

8 

1  SESSIONS 

1  _ _ _ 

f 

GN 

f 

R 

D 

9 

! 

i  F. 

(3.215)«23.76 

! 

F. (3,70)= 

! 

F. (3.70)=18.62 

i 

! 

1 

1 

i 1«  5-6  Y.O. 

; 

i 

p< . 0000 

t 

t 

NS 

! 

! 

1 

i  1 

p< . 0000 

9 

t 

I 

1 

!  1 

12  3  4 

j 

!  1 

12  3  4 

12  3  4 

I* 

1 

!2*  9-10  Y.O. 

f  2 

8 

!2 

*2 

8 

j 

!3-  14-15  Y.O. 

!  3 

8 

13 

!3 

8  8 

i 

?4«  ADULTS 

1  4 

8 

!4 

!4 

8  8 

j 

TABLE  1  62  :  NTL  .  AHOVA  (a(e}  and  Hrvnaa-KeTib  «9t  im  each 
ezpermenad  sionp,  in  each  session,  and  foi  ech  matnx  rjye,  in  itai 
fim  session. 

'  ■»  /'  /"  ’ 


67 


APPENDIX  2 

-  Lis  of  tables 
-Table3  2  1  to2,23 


TABLE2.1 :  Far  each  mdex.  mean  ud  ftandarvi  deviation  in  N 
global  and  in  each  semon  of  the  groop  NNNCN,  for  the  adnlts  of 
theTpopolatiaa. 

TABLE2.2  :  Foreachindei.  mean  and  sandard  deviation  in  N 
global  and  in  each  sesson  of  the  groop  NNNCN,  for  the 
adolescents  of  the  T  popnlatitBL 

TABLE2.3 :  Foreachindei  mean  and  standard  deviation  in 
each  session  of  the  groop  NDD|qCN,  for  the  adnlts  of  the  T 

population. 

lAfiLElii:  Foreachindei.  mean  and  standard  deviation  in 
each  session  of  the  gruop  NDD  jqOJ,  for  the  adolescents  of  the  T 

population. 

TABLE2  5  For  each  index ,  mean  and  standard  deviation  in  N 
global  and  in  each  session  of  the  group  KNN.  for  the  adults  of  the 
G  population. 

TABLE2  6  :  For  each  index .  mean  and  standard  deviation  in  N 
global  and  m  each  session  of  the  group  NNN,  for  the  adolescents 
of  the  G  population. 

TABLE2.7:  Foretch  index,  mean  and  standard  deviation  in 
the  first  tuo  sessions  of  the  group  NDN.  for  the  adults  of  the  G 
population. 

TABLE2  8:  Foretch  irJex,  mean  and  standard  deviation  in 
the  first  two  sessions  of  the  group  NDN.  for  the  adolescents  of  the 
Gpopulation. 

TABLE2  9:  Foretch  index,  Student  Tnestsfarrelated  samples, 
for  the  5  sessions  of  the  experimental  group  NNNCN,  among  the 
adults. 

TABLE2  10:  Foretch *^dex,Studcni-T-ieaisfarreJtted samples, 
for  the  S  sessions  of  the  experimental  group  NNNCN,  among  the 
14-15  y.o. 

TABLE2. 11 :  Foreachindei,  Student-T-ters  for  related  imnples, 
for  the  5  sessiQasaftheexperimeQtalgroopNDD|QCN,  amcagthe 

adults. 

TABLE2  12:  Foreach  index,  Scudent-T-iests  for  related  samp’ es, 
for  the  5  sessions  of  the  experimental  group  NDDjqCN,  amoog  the 

14-15  7.0. 

XAjBLEUl:  Student  T-test  (age)  in  N  global  and  in  each  session 
of  the  group  NNNCN. 

X^file£2J4  Student  T-test  (age)  in  N  global  and  in  each  session 
of  the  group  NDDjgCN  (• :  p< 
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TABLE2.t5:  Foreacbindex  ANOVA(^geiflittru)iflthe 
xcood  session  (outrixesH  and  D,  after  1^. 

TABLE  2. 16  Fcreact  index.  StadeotT-te*  (matrix)  in  the 
second  session,  for  each  age-jronp.  (**  ijk.OI,  •**  ;|k.001). 

TABLE2.17:  Foreach  index.  ANOVA  (age  x  pre-training)  in  the 
fourth  session  (matrix  C) 

TABU2.18:  For  each  index,  StudemT-test  (pre-training)  in  the 
fonrth  sessior  (matrix  Q  for  each  age-group.  (*  ;p<  .0S; 

•*  :p<.01). 

JABLE2. 19:  For  each  index.  ANOVA  (age  xpre-tndning)  in  the 
fifth  session  (matrix  N). 

TABLE2  20:  For  index,  ANOVA  (age  X  Kudy) in  the  first, 
second  and  third  sessions  (NNN). 

TABLE2.21 :  For  each  index,  Sr  jdcmT-iest  (study) in N  global 
(first  sessior),  for  each  age-group.  (*  ;p<.05;  **p<.01; 

•••  :p<.00l). 

TABLE2  22  For  each  index .  ANOVA  (age  x  study)  in  D .  in  the 
second  session. 

TABLE2.23  For  each  mdex ,  Student  T-iest  (study)  in  D  (second 
session)  for  each  age-group  ((*):p=.059;  *  :p<.05). 


1 

N  global 

N 

N 

N 

C 

N 

?KS 

874545 

(n.6649) 

860000 
(9  2952) 

934545 
(5  1452) 

95.4545 

(2.3817) 

82.7273 

(15.7519) 

98  1818 
(1.8870) 

*DS 

533636 
(22  4532) 

54.7273 

(21.9060) 

58.7273 
(30  2029) 

62.7273 

(276300) 

47  6364 
(27.6013) 

78.9091 

(24.6311) 

N.C.S. 

6.0455 

(3.5251) 

4.4545 

(2.6216) 

5.1818 

(3.4876) 

5.3636 

(48636) 

10.1818 
(3  9955) 

3.1818 

(3.1880) 

N.I.S. 

*  3.0000 

(1.9272) 

3.5455 

(1.8635) 

2.5455 

(1.8091) 

1.8182 

(.9816) 

6.0909 

(4.5707) 

U(S) 

1  9932 
(.8921) 

1  8364 
(.8721) 

1.6273 

(1.2020) 

1.5710 

(1.1623) 

2.7091 

(1.2340) 

.0273 

(.9152) 

U(CS) 

B 

1.2509 

(.7640) 

1.3282 

(f.0545) 

1  3336 
(M937) 

2.1591 

(1.0969) 

.7218 

(9161) 

U(IS) 

m 

1.5309 
(  7625) 

1.0491 

(.9429) 

.7836 

(.6710) 

2.1 100 
(1.1796) 

0827 

(.2744) 

NS.D2 

13  8636 
(9.3008) 

10.6364 

(5.3334) 

10.7273 

(95508) 

13  4545 
(13.1861) 

18  1818 
(11.3209) 

8.0000 

(11.4018) 

NSDjo 

7  6818 
(5  3300) 

5.5455 
(3  3071) 

64545 

(49873) 

7.2727 

(82957) 

13.0909 

(70207) 

4.0909 
(5  3189) 

NSC 

.7273 
(10  320) 

3636 
(  6742) 

1  3636 
(32641) 

.9091 

(1.4460) 

23 1818 
(15  1183) 

14  0909 
(21  3703) 

TABLE  2.1 :  For  each  indei,  mean  and  midaid  dcvisaott  inN 
gkibal  aol  in  each  session  of  the  gronp  NNNCH,  for  the  adnlB  of 
the  T  poptilatiDa 


N  global 

N 

N 

N 

C 

N 

%cs. 

843871 
(15  5706) 

84.8000 

(15.0887) 

94.2667 
(6  9227) 

920000 
(9  1652) 

89.3333 
(13  5365) 

96.2667 

(7.6295) 

%t>s 

52.9677 

(22.0477) 

47.0667 

(23.6748) 

50.2667 

(23.6506) 

47.8667 

(237663) 

57.8667 

(28.8391) 

61.2000 

(26.9688) 

HC.S. 

6.0000 

(5.5466) 

7.4000 

(3.6016) 

7  1333 
(3.7391) 

6.8000 

(3.6884) 

10.2000 

(44433) 

6.8667 

(3.9976) 

NIB 

3.7742 

(2.7774) 

3.6667 

(2.6904) 

1.8667 

(2.5598) 

2.4000 

(2.6939) 

3.1333 

(3.7200) 

1.2000 

(2.1112) 

U(S) 

2.1500 

(.9954) 

2.4193 
(1  0846) 

2.1073 

(.9883) 

2.1860 

(1.0398) 

2.2900 

(1.3272) 

1.7640 

(1.2125) 

U(CS) 

m 

m 

1.8793 

(.9123) 

1 .8887 
(.9507) 

1.9520 

(1.1417) 

1.6333 

(1.0927) 

U(IS) 

1.3868 

(.8816) 

1.3320 
(  8873) 

.6807 

(.9329) 

.9280 

(.9571) 

1.1427 
(1  1778) 

.4280 
(  8438) 

NSD2 

J  4.4839 
(8  7020) 

17  4000 
(8.2184) 

19.6000 

(10.0768) 

19.0000 

(11.7047) 

17.9333 

(11.5910) 

16.6667 
(11  0432) 

N,SD,o 

8  6774 
(5  2178) 

10.5333 

(55532) 

97333 

(59578) 

10.8000 
(7  6737) 

12.6000 
(6  8848) 

9.6667 

(68834) 

NSC 

1  0000 
(1  3904) 

1.4667 

(1.5523) 

1.2000 

(1.5675) 

1  1533 
(1  5976) 

236667 

(177911) 

4.4000 
(8  8946) 

TABLE  2  2  For  each  index,  nran  and  jttndart  deration  in  N 
llobal  and  m  each  ses5X)n  of  the  poiqi  KHNCH,  for  the 
adoiescents  of  the  T  population. 
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N 

D 

•^10 

C 

N 

%C5 

889091 

(13.9532) 

94.1818 

(55465) 

936364 
(10  8745) 

94.9091 

(10.4063) 

98.5455 

(3.5879) 

*05 

52.0000 

(238998) 

23  6364 
(11.3073) 

14.7273 

(3.2586) 

636364 

(14.7046) 

665455 

(34.0481) 

NCS. 

7.6364 

(3.6952) 

11  2727 
(4.3380) 

14  5455 
(3  4165) 

10.4545 

(2.4643) 

6.5455 

(6.0723) 

N.I.S. 

2.4545 

(1.9164) 

2.1818 

(1.9909) 

20909 

(2.9480) 

1  6364 
(2.9757) 

.3636 

(.6742) 

U(S) 

2  1500 
(.9256) 

3.1827 

(.7263) 

37336 

(.3031) 

2.0545 

(.6965) 

1  4882 
( 1 .4374) 

U(C.S) 

1  7882 
(.9331) 

2.9655 

(8211) 

3  5545 
(.4267) 

1 .8600 
(.5012) 

1 .4236 
(1  4305) 

uds.) 

.8709 
(  8876) 

9364 
(  9627) 

.7909 

(1.0445) 

5900 

(1.1081) 

.0900 

(.2985) 

N  S  02 

17  0909 
(11.4145) 

32.9091 

(10.3871) 

39  4545 
(7  3806) 

14  2727 
(4.0765) 

14.7273 
(15  6083) 

N.S  0,0 

9.8182 
(6  1777) 

16.8182 

(7.5474) 

23  3636 
(7  3386) 

1  1.7273 
(3.1966) 

9.2727 
(9  8802) 

NSC. 

1.0909 

(1.2210) 

2  5455 
(3  3276) 

46364 

(30091) 

32  9091 
(11  4931) 

19  0000 
(23  0521) 

TABLE  2  3  ;  For  each  index,  mean  and  jtsndaid  deriatiDn  in 
each  session  of  die  poop  NDD^gCN,  for  die  adnte  of  die  T 

population. 
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N 

D 

DjO 

C 

N 

%cs. 

84.0000 

(14.4407) 

92  0000 
(10.3795) 

94.1250 

(10.9415) 

91  0000 
(13.1250) 

98.2500 

(37148) 

%D5 

58.5000 
(19  5346) 

23.6250 

(10.7634) 

18  8750 
(8.1312) 

546250 

(27.3810) 

67.0000 

(28.3596) 

N.C.S 

4.6875 

(2.5487) 

11.3125 

(4.3469) 

14.4375 

(3.1826) 

10.3125 

(3.3009) 

5.2500 

(3.2965) 

NIS. 

3.8750 
(2  9411) 

3.2500 

(3.4928) 

2.2500 

(3.3764) 

3.0000 

(3.9665) 

.6875 

(1.4009) 

U(S) 

1  8975 
(.8620) 

3.2238 

(.8446) 

IH 

2.3769 

(1.2056) 

1 .3434 
(1.0023) 

U(CS) 

1.2531 
(  7800) 

2.9550 

(.7475) 

3.4800 

(.4343) 

2  1069 
(9644) 

1.2506 

(1.0332) 

U(IS) 

1  4381 
(.9022) 

■ 

.7669 
(1  0951) 

.9719 

(1.2891) 

.2263 

(.6388) 

N£  O2 

11.7500 
(8  4814) 

322500 

(7.6898) 

584375 

(6.8114) 

19  5000 
(10.2892) 

14  3750 
(15.2398) 

NS.D,o 

69375 

(4.3504) 

168125 

(7.5474) 

246250 
(5  8523) 

126875 

(5.5464) 

6.5625 

(49121) 

N5C 

5625 
(1  0935) 

29375 
(3  7143) 

48750 

(44253) 

26  3750 
(16.0452) 

85000 

(15.9625) 

TABLE  2  4  :  For  each  mdez,  meas  and  Tt&odani  deviaaoB  in 
e«:h  sesjiDii  of  die  giunp  NDI^gCN,  for  the  adokacentt  of  fte  T 

popoiatxnL 


y 
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N  global 

N 

N 

N 

93  0244 

94.2857 

93  3333 

91.5238 

5w:.s. 

<7.1431) 

(47026) 

(66101) 

(21.1934) 

58.0000 

61.2381 

624762 

63.7143 

*DS 

(26.1763) 

(26.1494) 

(27  4729) 

(28  4976) 

6  9512 

6.7143 

60000 

50952 

N.C.S. 

(4.2717) 

(4.4849) 

(4  4045) 

(4.0113) 

2.3171 

2.2361 

20000 

1  6190 

N.I3. 

(1.9930) 

(1.8413) 

(1.7321) 

(1  6272) 

1  1954 

1  7971 

1.6710 

1  5336 

U(S) 

(1.1600) 

(1.1625) 

(1.1679) 

(1.1320) 

1.6351 

1  5290 

1  4205 

1.2362 

U(C.S  ) 

(1  0687) 

(1.0956) 

(1  0714) 

(1.1421) 

9141 

.5357 

U(I5.) 

(  9432) 

(.7165) 

■■ 

15.4390 

15.3333 

14.0952 

32 1579 

(10.6491) 

(1 1.6161) 

(10.5967) 

(15  5108) 

TABLE  2  5  :  For  each  index,  nuatr  and  jimderd  devatoix  in  N 
global  and  m  each  session  of  the  gionp  NNN,  Cor  the  adnie  of  the 
G  popnlatiDn. 


N  Qlobal 

N 

N 

N 

940556 

93  0588 

95  2941 

96.2353 

w:s 

(5  3769) 

(6  4077) 

(5  4745) 

(44092) 

523333 

527059 

54.5882 

54.7059 

*D.S 

(262319) 

(27.8293) 

(25  9303) 

(26  8416) 

7.3056 

6.4118 

57647 

59412 

NC.S 

(4.5783) 

(39220) 

(3  4556) 

(30510) 

2  2778 

2  6471 

1  8235 

1  4706 

N.IS. 

(2.0648) 

(2.3964) 

(2.1574) 

(1.4194) 

2  0603 

2.0100 

1.8188 

1.7841 

U(S) 

(1.1547) 

(1.2218) 

(1.0889) 

(.9634) 

1.0814 

1.7112 

1.6100 

1.6094 

U(C,S.) 

(1.1077) 

(1.1091) 

(1.0085) 

(.9371) 

.8969 

■1^ 

.4641 

U(IS) 

(  9461) 

mm 

(.7236) 

19  5000 

18  3529 

19.7059 

20.41 18 

N  S  D2 

(12  0250) 

(12  2574) 

(12.2870) 

(12.0730) 

TABLE  2  6  Foi  each  index,  mean  and  jttndaid  devation  in  N 
global  and  m  each  sesjion  of  ttie  gioiq)  KHK,  foi  dx  adolescents 
of  the  G  population. 


91  7000 

969000 

w:s 

(0.9742) 

(3  6970) 

54.6000 

21.8000 

*DS 

(26  4384) 

(11.1996) 

7  2000 

13.5500 

N.CS. 

(4.1371) 

(4  4660) 

2.4000 

1.4000 

N.IS. 

(2.1861) 

(1.6351) 

2  0395 

3.3845 

U(S) 

(1.1742) 

(.7959) 

1  7465 

3  2815 

U(CS) 

(1  0563) 

(.7635) 

.9425 

.5025 

U(I.S) 

(  9448) 

(.8441) 

15.5500 

37.9500 

H  S  O2 

(9  8327) 

(72291) 

TABLE  2  7  ; 

Foi  each  inlei,  tnsair 

and  sttodard  deviatioix  in 

tbe  tot  rvD  scsjioib  of  the  ponp  HDN.  £oi  the  adote  of  the  0 
poptxiaticm. 
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94  9474 

96  7360 

«:s 

(4.2357) 

(2.7657) 

520000 

205263 

SIDS 

(25.4820) 

(63890) 

0.1053 

136316 

NC.S. 

(5.0651) 

(2.5865) 

1  9474 

1.6316 

N.I5. 

(1.7151) 

(1.3829) 

2.1053 

3.4542 

U(S) 

(1.1230) 

(.3091) 

1.8821 

3.3311 

U(C.S) 

(1.1306) 

(  3287) 

.7579 

.7274 

uds.) 

(  8638) 

(  7329) 

20  5263 

38  4211 

N  S  D2 

(12  0525) 

(58435) 

TABLE  2  8  Foi  each  index,  mean  and  jtodari  deviatjort  in 
tbe  fren  rro  scssioia  of  ibt  povp  NDN.  for  tbc  adokscenis  of  the 
G  popuhtiDiL 


^  / 


*c.s. 


N 

D 

010 

c 

N 

N 

-3.  1 1 

-4.06 

-3.22 

0 

1 

0 

■ 

-2.07 

.50 

-2.86 

0 

10 

H 

N.S. 

1.57 

-1.87 

C 

■ 

N.S. 

N.S. 

-2.64 

N 

m 

• 

N.S. 

6.97  1  .72  1-1.18 


1.47  -4,43  -5.21 


-4.82  -6.58 


-1.53 


N.S. 


_  U(C.S.)  , 


-5.17  -8.12  -1 ,92  r 1.94 


-9.85  1  -5.93  I  -.55 


-2. 


.78  1  4.37 


3.75  111. 93 


U(I.S.) 


1.94 

5.01 

9.65 

3.39 

-9.94 

-3.30 

-2.37 

2.99 

4.8  I  9.23 


2.94 


1.09  I  2.73  1.6  4,93 


1.74  I  .44  1 3.2 


N.S. 


N.S.  I  N.S.  N.S. 


6.94  j  -9. 15  j -2.73  I  -.62 


5.07 


5.89  7.14 


1.26 


•••  I  N.S. 


-5. 19j  -10.2  I  -4.69  I  .25 


-3.9  j  2  5.08 


7.01  16.18 


6.36 


I  •••  I  ••• 


-2.56  I  -3.77  1  -6.35  1-1.98 


-1.65  -5.8  -1.53 


-5.31  -.85 


3.85 


N.S.  |n.S. 


TABLE  2  12  For  well  index,  Srodent-T-tott  for  rekted  sampks, 
for  the  5  sessiom  of  die  cxpenmenkl  poop  NDDinCN,  d* 
14-157.0. 
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N  globe) 

N 

N  . 

N 

C 

N 

t=-  86 

t=26 

t*.33 

t=-1.21 

1=1.15 

1=-.81 

5K.S. 

M3. 

N3. 

N3. 

N3. 

M3. 

M3. 

P 

1 

1 

t— .84 

t— .80 

t— 1.47 

1-91 

1—1.71 

*DS. 

M.S. 

N.S. 

M.S. 

M.S. 

M3. 

MS. 

t-.05 

t»2.3 

t»1.35 

t«.86 

1=01 

1=2.52 

N.C.S. 

N3. 

f 

N3. 

N3. 

M3. 

« 

t-.13 

t— .75 

1-.68 

1—1.82 

1-71 

N.I.S. 

N.S. 

N.S. 

H.S. 

N.S. 

MS. 

MS. 

l=.59 

t=1.47 

t«1.12 

1=1.42 

1— .98 

1=2.15 

U(S) 

N3. 

N3. 

N3. 

N3. 

M3. 

* 

t— .25 

t-1.95 

t»1.43 

1-1.32 

1— .46 

1-2.24 

U(C.S.) 

N.S. 

H.S. 

H.S. 

H.S. 

MS. 

* 

t*.76 

t=-.60 

t=-.99 

1=43 

l=-2.07 

1=1.3 

U(I.S) 

N3. 

N3. 

M3. 

N3. 

« 

N3. 

t-.25 

t-2.38 

t-2.27 

1-1.13 

1—05 

1-1.35 

N,SD2 

N3. 

* 

« 

H3. 

M3. 

MS. 

t-68 

t-2.63 

t-1.48 

1-1.12 

1— .18 

1-2.24 

N,S.D,o 

N3. 

« 

N3. 

N3. 

M3. 

« 

t-.78 

t-2.2 

t— .17 

1-.37 

1-.07 

1-1.59 

N.S.C. 

N.S. 

« 

MS. 

MS. 

MS. 

M.S. 

TABLE  2  13  :  3TadentT-iE3T(flC«)  m  Hsbbol  and  is  each  session 
of  tbe  grosp  NNNCN. 


N.S,D,o 


t-2.46 


t-.73 


t*-1.62 


t«1.62 


t-.08 


t-.12 


t-.72 


t-  13 


t»-.03 


t-.47 


t=-.19 


t-.50 


t«-.44 


t-.06 


t*-.37 


t-.80 


t=.78 


t«.80 


t=1.59 


t— .30 


t*-.37 


t«66 


t=-.06 


t=.28 


t*.16  t=-l.l6 


t*1.40 


TABLE  2. 14  :  StadeoiT-iest(a(e)aNslDteIiadmeadise3sian 
of  the  ponp  NDDjgCN.  (• ; 
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/ 


ANOVA  (AGE  x  f^TRIX) 

Factor  age : 

F(1.52)*  ni 

H,5. 

5K.S 

Factor  Matrix ; 

F(1.52>-.240 

N.S. 

Age  X  Matrix 

F(  1,52). .494 

H5. 

Factor  age ; 

F{  1,52)-. 556 

N.S. 

%D.S. 

Factor  Matrix ; 

F(  1,52). 29.799 

p<.0000 

Age  X  Matrix 

F(l,52)..563 

N.S. 

Factor  age : 

F(l,52)-.776 

N.S. 

N.C.S. 

Factor  Matrix : 

F(1,S2)-20.450 

p<.0000 

Age  X  Matrix 

F(l,52)..730 

N.S. 

Factor  age : 

F(1,52)-.077 

N.S. 

H.I.S. 

Factor  Matrix ; 

F(  1,52). .803 

N.S. 

Age  X  Matrix 

F(  1,52).  1.385 

M.3. 

Factor  age ; 

F(  1,52)  *954 

N.5. 

U(S) 

Factor  Matrix ; 

F(  1,52) -24.963 

p<.0000 

Age  X  Matrix 

F(  1,52).  688 

N£. 

Factor  age : 

F(1,52)-l.t75 

N.S. 

U<C.S.) 

Factor  Matrix : 

F(1.52).29.153 

Agex  Matrix 

F(l,52). 1.311 

N.S. 

Factor  age : 

F(1.52)*0.74 

N.S. 

U<1.S.) 

Factor  Matrix ; 

F(l,52).621 

H.S. 

Age  X  Matrix 

F(1,52)*1.002 

HS. 

Factor  age : 

F(  1,52) -2.290 

H.S. 

N.S.D2 

Factor  Matrix . 

F(l,52).39.776 

p<.0000 

Age  X  Matrix 

F(l,52).3.329 

HS. 

Factor  age  . 

F<  1,52)- 761 

HS. 

N.S.D,o 

Factor  Matrix : 

F(l,52)»21.412 

p<  0000 

Age  X  Matrix 

F(  1,52)=. 783 

NS. 

Factor  aga : 

F(l,52)-.019 

MS. 

N.S.C. 

Factor  Matrix : 

F(l,52)*3.270 

MS. 

Agex  Matrix 

F(l,52)*.106 

MS. 

TABLg  2.  IS  ;  For  each  index,  ANOVA  (af*  x  o«nx)  a 
second  session  (mstrizes  H  and  D,  aftor  H). 
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14-J5y.o. 

(df-29) 

ADULTS 

(df»20) 

t«7l 

t»-.32 

SK.S. 

N.S. 

N5. 

t*4.08 

t«3.61 

XD.S. 

«• 

t»-2.86 

««-3.63 

H.C.S. 

«• 

*• 

i— 1.25 

t-.45 

NIB. 

NjS. 

NJS. 

t— 3.39 

t— 3.67 

U(S) 

1 

«« 

t—3.6 

t«-4.06 

U(C.S.) 

••• 

t=-1.19 

t«.28 

Ud.S.). 

N.S. 

N.S. 

t-3.94 

t— 5.21 

H.S.Oj 

««« 

•«« 

t— 2.89 

t— 3.8 

N.S.Djq 

#• 

««• 

t=-1.68 

op 

1 

It 

N.S.C. 

N.S. 

N.S. 

TABLE  2.16  :  For  each  index,  Stodeitt  T-wt  (inBBix)  in  tm 
second  session,  for  each  age^iqi.  ;  p<.01;*^  ijk.OOI). 


1 
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ANOVA  (AGE  X  PRC-TRAINING) 

Factor  age ; 

F(l,52)«  116 

NS 

%c.s. 

Factor  Pre-Training : 

F(  1,52)- 2.658 

N.S. 

Age  X  Pre- Training  . 

F(1,52)«1.999 

N5. 

Factor  ago : 

F<l,52)-.004 

N.S. 

%[>.s. 

Factor  Pre-Training ; 

F(l,52)«428 

N.S. 

Age  X  Pre- Training . 

F(l,52)*1.732 

N.3. 

Factor  age ; 

F(  1,52) -004 

N.5. 

H.C.S. 

Factor  Pre-Training  ; 

F(  1,52)- 032 

H.S. 

Agex  Pre -Training . 

F<l,52)*.006 

HS. 

Factor  age ; 

F(  1,52)-. 482 

N.S. 

N.I.S. 

Factor  Pre-Training  ; 

F(1.52)=3.127 

N.S. 

Agex  Pre-Training : 

F<1,52)«4.046 

p  <  .05 

Factor  age ; 

F(1.52)*.64 

N.S. 

U(S) 

Factor  Pre-Training  ; 

F(  1,52)-. 623 

N.S. 

Agex  Pre-Training . 

F(1, 52). 1.598 

NS 

Factor  age : 

F(1,52)-.007 

N.S. 

U(C.S.) 

Factor  Pre-Training . 

F(1.52)..016 

H.S. 

1 

Agex  Pre-Training ; 

F(1,52)=.695 

N.S. 

Factor  age  ; 

F(l,52)».678 

N.S. 

U<I.S.) 

Factor  Pre-Training  : 

F{1,52)-4.634 

p  <  .04 

Agex  Pre- Training . 

F(l,52)a4.066 

p  <  .05 

RM 

Factor  age : 

F(1,52)..819 

N.S. 

Factor  Pre-Training : 

F(1,52)..066 

N.S. 

H 

Agex  Pre-Training; 

F(l,52)=.961 

N5. 

Factor  age ; 

F<1,52)-.022 

H.S. 

N.S.DfQ 

Factor  Pre-Training : 

F(1,52)..102 

N.S. 

Agex  Pre-Training . 

F(  1,52). .193 

NS. 

Factor  age . 

F(l,52)-.505 

H.S. 

W.S.C. 

Factor  Pre- Training  . 

F(1.52).f  737 

N.S. 

Age  X  Pre-Training : 

F<1.52)«.652 

N.S. 

TABLE  2.17 ;  For  each  index,  ANOYA  (aje  x  pre-tnoint)  m  t!ie 
fonzTh  9e35ian  (aatax  C). 


1 4- 1 5y.o. 
(df-29) 

ADULTS 

(df*20) 

1—35 

t— 2.14 

5IC5. 

MB. 

« 

t-.32 

t— 1.61 

*D.S. 

N.S. 

MB. 

t— .08 

t— .19 

N.C.S. 

N.S. 

MB. 

t=.10 

t=2.71 

N.).S. 

N.S. 

• 

t»-.19 

1*1.72 

U(S) 

N.S. 

MB. 

t*-.41 

1*82 

U(CS.) 

N.S. 

MB. 

t=.38 

1*3  11 

U(I.S). 

NS 

•• 

1»-.40 

1-1  08 

N.SD^ 

NS 

MS. 

II 

• 

o 

II 

in 

H.3D,o 

N.3. 

H.3. 

t— .45 

1—1.7 

N.S.C 

MS. 

MB. 

TABLE  2.18 :  For  each  iodez,  Stadem  T-lsst  (pre-trsmac)  indc 
IbdTh  sessxm  (nmniz  C)  lor  eacL  age-groop.  (* :  ]k.05; 

••  :IK.01), 


/ 
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ANOyA(AGex 

PRE-TRAINING) 

Factor  age . 

F(  1.52) -.645 

N.S. 

5IC.S. 

Factor  Pre-Training : 

F(1.52)-.952 

N.S. 

Age  X  Pre-Training : 

F(l,52)-.348 

HS. 

Factorage : 

F<1.52)-t.l36 

N.S. 

*0.S. 

Factor  Pre-Training : 

F(l.52)*.049 

N.S. 

Age  X  Pre-Training : 

F(1.52)-1.303 

N.S. 

Factor  age ; 

F(1.52)».926 

N.S. 

M.C.S. 

Factor  Pre-Training  : 

F<l,52)-.t44 

N.S. 

Age  X  Pre-Training : 

F(l,52)«4.56 

p  <  .04 

Factor  age : 

F(l,52)-I.009 

N.S. 

N.I.S. 

Factor  Pre-Training  : 

F(1.52)»  1.336 

M.S. 

Agex  Pre-Training: 

F(l,52)».035 

N.S. 

Factor  age  : 

Fd. 52)  *1.443 

N.S. 

U(S) 

Factor  Pre-Training  ; 

F(l,52)-.010 

N.S. 

Agex  Pre-Training : 

F(1,52)*2.818 

NB. 

Factor  age : 

F(1,52)-1.290 

N.S. 

U(C.S) 

Factor  Pre-Training. 

F(  1. 52)  *.047 

N.S. 

Agex  Pre-Training ; 

F(l,52)*3.011 

N.S. 

Factor  age : 

F(1.52)=2.062 

N.S. 

U(I.S.) 

Factor  Pre-Training  ; 

F(1.52)-.489 

H.S. 

Age  X  Pre-Training : 

F(l,S2)».388 

MB. 

Factor  age : 

F(l,52)-1.175 

M.S. 

N.S.Dj 

Factor  Pre-Training : 

F(1.52)*.152 

N.S. 

Age  X  Pre-Training : 

F(  1,52)  *1.436 

N5. 

Factor  age  : 

F(l,52)-.487 

N.S. 

N.S.D,o 

Factor  Pre-Training : 

F(  1.52)  *030 

N.S. 

Agex  Pre-Training : 

F(  1,52)  *4.736 

p  <  .04 

Factor  age : 

F(  1,52) -4.451 

p  <  .04 

N.S.C. 

Factor  Pre-Training  : 

F(1.52)*.880 

M.S. 

Agex  Pre-Training ; 

F(1,52)».007 

N.3. 

TABLE  2. 19 :  For  eachiodez,  AHOyA(a(ez  pz»-tniiung}mtl» 
fifdi  sessioii  (matciz  H). 


/ 
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ANOVA  (ACE  X  STUDY) 

NGIOtial 
(let.  eeeeion) 

N 

(2nd.  aeaeion) 

N 

(3rd.  aeaeion) 

%c.s. 

Factor  age : 
Factor  Study : 
Age  X  Study . 

F(1,169)«.000,HS 

F(1,t69>-22.029,a<.000 

F(1,1C9>1B90,NS 

F(1,63)«.742,NS 

F(1,63)-.074,N6 

F(1,65K103,HS 

F(1>3)«.179,NS 

F(1,43>.011,NS 

F(1>3)«1.140,HS 

%D.5. 

Factor  age . 
Factor  Study ; 
Age  X  Study : 

F(1.169>b.674,N& 

F(l.l69)«.334.»tS 

F(1,169>-224,NS 

F(1  >*>1.479,  NS 

F(1>3>J55.NS 

F(1>3)-X)02,NS 

F(1  >3)>2Je54,  NS 

F(1.«)«.351,HS 

F(1>3)-.180,NS 

N.C.S. 

Factor  age : 
Factor  Study . 
Age  X  Study . 

F(1,t69>.068,NS 

F(1,169)-1.S22,N8 

F(1,169)«.049.N5 

F(1>5>«.439,NS 

F(l  >3>-.n0,  N8 
F(1>3>1212,NS 

F(1,63>1238,NS 

F(1>3)-.345,NS 

F(1>3)>i)e8,NS 

N.I.S. 

Factor  age ; 
Factor  Study ; 
Age  X  Study : 

F(1  ,U9>.0e6,NS 

F(1.t69>fl.144,p<.00l 

F(l,t69>1.847.NS 

F(1>3>53t,N8 

F(I>3>283,NS 

F(1>5)-.221,NS 

F(1>3>.103,NS 

F(I.63>1.583,NS 

F(1>5>.617,NS 

U(S) 

Factor  age : 
Factor  Study : 
Age  X  Study ; 

F(1,169)=.449,NS 

F(1 ,169^.634,  NS 
F(1.169)»i)37,NS 

F(1  >5)=1 .019,  NS 

F(1>S>.211,NS 

F(1>3)»J57,HS 

F(1,63>2.174,HS 
r(1 ,63>.694,  NS 
F(1,43)«435,NS 

U(C.S) 

Factor  age : 
Factor  Study : 
Age  X  Study ; 

F(1.169>=.534,N8 
F(1.t69)=  493.  NS 

F(1 ,169>>.046,  NS 

r(1,«>1.T^7,N6 

F(I.63>.141,NS 

F(1>3>.479,NS 

Fd  ,43>2.850,  NS 

F(I,63>.5I3,NS 

F(1,63>.112,NS 

ud.s.) 

Factor  age ; 
Factor  Study ; 
Age  X  Study : 

F(1 ,169>.008,  NS 

F(1 ,169)-8.0,p<.005 
F(U69)*.878,NS 

F(1 ,63>.666,  NS 
F(1,65>.195,HS 
F(1>3)«.476,NS 

F(1 ,63)«.006,  NS 

F(1,63)-5.534,NS 

F(1,63>295,NS 

■ 

Factor  age  . 
Factor  Study : 

Age  X  Study ; 

F(1,tS9)s2.S02,NS 

F(1.169>2.128,NS 

F(1 .169^.659,  NS 

F(1  ,«)=4  544,  p<.02 
F(1 .63>.357,  NS 

F(1,63)».344.NS 

F(1,43)M.417,p<.04 

F(1,63)=.043,HS 

F(1,63)=.068,HS 

TABLE  2.20  :  Fox eadi  index,  AN07A(a(e  x  stod^  in  tbe  fiot, 
second  end  doid  xssioia  (NNN). 
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14-  ISg.o. 
((If*80 

ADULTS 

(tff-8t) 

t-4.34 

t-2.17 

KS. 

**« 

« 

t- n 

t-72 

*D.S. 

H.S. 

N.S. 

t».98 

t>.62 

N.C.5. 

HS. 

MS. 

t=-3.10 

ts-1.38 

N.I.S. 

** 

MS. 

t»-.72 

U-.39 

U(S) 

H.S. 

MS. 

t-.66 

t«.31 

U(C.S,) 

N.S. 

MS. 

t=-2.69 

t*-1.21 

U(I.S.). 

•« 

MS. 

t»).56 

t=39 

NS.Oj 

N.S. 

MS. 

fABLE  2.21 ;  For  each  index,  Smdent  T-wt  (stod]^  in  N  jlbbal 
(first  session),  for  each  aje-frotip.  (•  •.p<.OS;**p<.Ol; 


ANOVA  (AGE  X  STUDY) 


Factor  09* : 

F(l,65)«.414 

N.S. 

*C.5. 

Factor  Study . 

F(1.65)«6  238 

P<.02 

Age  X  Study . 

F(l,65>-425 

H.S. 

Factor  age . 

F(l,65)«.098 

H.S. 

%D.S. 

Factor  Study : 

F(l,65)-1.037 

N.S. 

Age  X  Study : 

F(1.65)».063 

N.S. 

Factor  age ; 

F<1,65)«.004 

HS. 

H.C.S. 

Factor  Study  : 

F(1.65)«5  418 

p  <  .03 

Age  X  Study : 

F(  1,65)- 000 

NB. 

Factor  age : 

F(l,65)«  1.060 

H.S. 

NI.S. 

Factor  Study  : 

F(  1,65) -4.940 

p  <  .03 

Age  X  Study ; 

F(1,65)«.551 

N.S. 

Factor  age . 

F(l,65)-.117 

N.S. 

U(S) 

Factor  Study  ; 

F(1.65)-1.582 

N.S. 

Age  X  Study : 

F(1,65)-.007 

N.S. 

Factor  age ; 

F(l,65)=.024 

N.S. 

U(C.S.) 

Factor  Study : 

F(t,65)-4.303 

p  <  .05 

Age  X  Study ; 

F(  1,65)=. 031 

N.S. 

Factor  age ; 

F(  1,65)=  895 

N.S. 

U<I.S.) 

Factor  Study  ; 

F(l,65)=3.304 

N.S. 

Age  X  Study : 

F(1,65>-002 

N.S. 

Factor  age 

F<  1,65)=. 000 

H.S. 

N.S.Oj 

Factor  Study : 

F(l,65)«8  910 

p  <  .004 

Age  X  Study : 

F(l,65>-,087 

N.S. 

TABLE  2.22  For  each  indez,  ANOYA  (a^e  z  sTod]^  in  D,  in  tha 
second  session. 
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1 4- 1 5y.o. 

ADULTS 

<<tf«33> 

<<(f«29) 

t-1.92 

t-1.64 

SttJS. 

N5. 

HS. 

t— 1.06 

t— .44 

XD.S. 

H.S. 

N.S. 

t»1.95 

t-1  37 

N.C.5. 

(•) 

N.5. 

t»-1.86 

t— i.l8 

N.I.S. 

H.S. 

H.S. 

t«i.n 

t«.7 

U(S) 

M.3. 

N.S. 

t»1.98 

t*1.07 

U(C.S.> 

(*> 

N.S. 

t=-1.26 

t*-1.3 

U(I.S.). 

N.S. 

N.S. 

t»2.7 

t=l  59 

NS.Dj 

« 

M.S. 

TABLE  2  23  For  «ch  index,  Stodent  T-te5t (xtady)  in  D  (secoal 
session)  for  well  igeijrotip.  ((^  :  p».059;  * :  ]^.05). 


/ 
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TABLES. 22 :  For  each  index .  means  according  the  subjects  119 
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TABLES. 23  :  Forcach  index,  means  according  the  subjects  120 

cognitive  style ,  in  the  sessions  2 .3  and  4  of  the  experimental 
group  NDDjqC 
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I 


N  GLOBAL 

N 

N 

N 

C 

%  C5 

88  26 
(1  26) 

8905 

(1.94) 

91  40 
(207) 

9495 

(1.68) 

92  19 
(1  45) 

18  D5 

56  72 
(358) 

5543 

(449) 

6520 

(5.78) 

75  52 
(569) 

5229 

(434) 

NCS 

6.56 
(0  53) 

6.90 

(079) 

5.25 

(083) 

4.52 

(080) 

10.71 

(069) 

Nl  S 

3.33 
(0  28) 

2.76 
(0  39) 

1.95 

(033) 

1.48 

(043) 

mm 

U  (S) 

2.07 
(0  15) 

2.13 

(020) 

1.56 

(023) 

1 .16 
(025) 

2.56 
(0  18) 

U  (C  5) 

1.59 
(0  15) 

1.71 

(0  19) 

1.22 
(0  22) 

0.96 
(0  22) 

U  (1  5) 

1.45 
(0  12) 

1. 20 
(0  17) 

0.60 
(0  17) 

0.43 
(0  18) 

1. 30 
(0  23) 

NSD2 

14.08 
(9  87) 

15.19 
(1  80) 

11.90 

(223) 

8.90 

(1.82) 

19.  10 
(220) 

NS  DIO 

8.49 
(0  76) 

9.05 

(112) 

6.95 
(1  33) 

m 

13.76 
(1  36) 

NSC 

1 .  15 
(050) 

1  .76 
(091) 

1 .  15 
(0  41) 

0.86 

(030) 

26  76 
(207) 

TABU  3  1  ;  For  each  indez,  mean  and  judaid  derioion  in  H 
(iDbal  and  in  each  sessioa  of  ibe  {lotip  HKHC,  foi  dc  rahjeco 
TtihaecliDol  edncatbnof  «chnicalt^(ycr  l/T). 


N  GLOBAL 


N 


N 


N 


C 


>S  C  5 

93  00 
(1  43) 

9520 

(099) 

97  43 
(0  85) 

9733 
(0  84) 

7933 

(482) 

X  D  5 

72  00 
(4  44) 

81.33 

(391) 

74 
(6  31) 

7387 

(7.24) 

42  80 
(5  46) 

NCS 

4.80 
(0  58) 

3.67 

(056) 

3.43 

(092) 

3.47 

(099) 

10.  13 
(058) 

N  1  S 

2.27 

(036) 

m 

0.93 

(022) 

1  .00 
(024) 

6.33 

(1.20) 

U  (5) 

1. 33 
(0  19) 

0.96 
(0  18) 

0.97 
(0  24) 

0.96 
(0  28) 

3.01 

(023) 

U  (C5) 

1  .02 
(0  16) 

0.70 
(0  15) 

0.85 

(023) 

0.83 
(0  27) 

2.35 
(0  16) 

U  (1  5) 

0.88 
(0  15) 

0.53 
(0  16) 

0.16 

(Oil) 

0.28 
(0  13) 

2.00 
(0  36) 

N5D2 

9.87 
(1  7!) 

6 .13 
(098) 

6.79 

(236) 

8.80 

(303) 

17  60 
(1.51) 

N5DI0 

6.37 

(1.00) 

4.53 

(068) 

4.36 
(1  26) 

4.67 

(1  57) 

12.27 
(0  93) 

NSC 

0.60 
(0  26) 

0.20 

(020) 

0.57 
(0  31) 

0.47 

(032) 

21.40 

(303) 

TABLE  3  2  :  For  each  indez,  mean  ami  stand  aid  devistios  mN 
fbbal  and  m  each  session  of  the  (lonp  HHNC,  for  foe  sobjects 
Tifo  a  school  edncacciDn  of  nort-technraJ  type  (Yar  IfH-T). 


N 

D 

DIO 

C 

8733 

94  44 

9678 

97  22 

%  C5 

(1.58) 

(1.26) 

(1  02) 

(069) 

58  22 

21.56 

15  1 1 

5389 

%  D5 

(584) 

(1  72) 

(063) 

(6  17) 

• 

6.17 

12.56 

15.17 

11.67 

NC.S 

(071) 

(082) 

(060) 

(093) 

4  00 

2.28 

1.39 

1  .28 

N  1  S 

(034) 

(0  46) 

(0  44) 

(027) 

2.01 

3.39 

3.73 

2.41 

U  (S) 

(0  22) 

(Oil) 

(0  05) 

(0  26) 

1  ,44 

3.19 

3.62 

2.28 

U  (C5) 

(0  23) 

(0  13) 

(007) 

(0  26) 

1.73 

0  95 

051 

0  39 

U  (1  5) 

(0  16) 

(0  24) 

(021) 

(0  16) 

12  .78 

34  00 

40  50 

21  94 

NSD2 

(2  08) 

(1  60) 

(1  21) 

(2  80) 

7.83 

18  72 

2389 

15.  06 

NS  DIO 

(1  02) 

(1  49) 

(116) 

(1  80) 

044 

3.78 

5.78 

28  44 

NSC 

(0  15) 

(081) 

(0  92) 

(282) 

TABLE  3  3  ;  For  each  mdex,  flaeas  and  5taQdazd  deviation  in 
each  aeseion of  the  erotjpHDD^oC,  foitlie  vxljKrs  vidiaacliDol 

adncation  of  technical  tTpe  (Yar  ItT). 
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N 

D 

DIO 

C 

90  80 

91  87 

95  73 

9453 

S  C5 

(261) 

(2.32) 

(232) 

(3  22) 

- 

62  67 

2333 

1493 

51  73 

%  D5 

(7  34) 

(2  1 1) 

(1  23) 

(5  82) 

• 

5.93 

12.40 

16.07 

11.60 

NCS 

(0  95) 

(1.08) 

(093) 

(087) 

3  00 

2.60 

1.40 

1 .67 

Nl  5 

(0  62) 

(051) 

(0  48) 

(069) 

1.70 

3.33 

3.82 

2.51 

U  (S) 

(0  31) 

(0  13) 

(0  07) 

(0  23) 

1. 33 

3.06 

3  .68 

2  .31 

U  (C5) 

(0  27) 

(0  17) 

(0  14) 

(023) 

1  .23 

1  .09 

044 

058 

U  (IS) 

(0  24) 

(0  24) 

(021) 

(0  26) 

13  60 

35  33 

43  07 

2253 

NSD2 

(3  02) 

(2  02) 

(1  88) 

(2  85) 

8.20 

18  33 

28  13 

1480 

NS  DIO 

(1  78) 

" 

(1  75) 

(204) 

(1  53) 

1  00 

300 

5.93 

2633 

NSC 

(0  46) 

(0.70) 

(076) 

(307) 

TABLE  3  4  :  For  each  index,  Dean  and  siaodazi!  drnaiiDJi  i& 
each  sessxm  of  the  (IdopHDD^qC,  for  the  sobjec^  vitbe  school 

adtnflsn  of  ncm-fechoical  trpe.  (Yir  1/H-T). 


N  GLOBAL 

N 

N 

N 

C 

Hi 

89  14 

90  40 

93  00 

94  80 

87  40 

(201) 

(347) 

(349) 

(2.70) 

(547) 

- 

61  24 

64  00 

6700 

66  00 

52  60 

X  D  5 

(560) 

(7  65) 

(877) 

(935) 

(623) 

6.29 

6.50 

4.70 

5.20 

10.30 

NCS 

(083) 

(1.32) 

(1.28) 

(1.44) 

(097) 

3. 10 

2.40 

1  .50 

1.20 

4.20 

N  1,5 

(041) 

(069) 

(052) 

(0  51) 

(119) 

1  90 

1 .83 

1  .39 

1.42 

2.  59 

U  (S) 

(0  24) 

(0  36) 

(035) 

(0  39) 

(0  28) 

I  .46 

1 .46 

1 . 13 

1.24 

2.14 

U  (C  5) 

(0  23) 

(0  33) 

(033) 

(0  35) 

(0  22) 

1  .31 

091 

034 

040 

1.61 

U  (15) 

(0  18) 

(0  27) 

(023) 

(023) 

(0  35) 

13  52 

13  60 

10.60 

10.90 

17  20 

N5D2 

(2  22) 

(290) 

(353) 

(303) 

(1  91) 

8.52 

8.70 

6.20 

6.60 

12.30 

N5DI0 

(1  26) 

(1  81) 

(2  12) 

(1.94) 

(1  23) 

1  .05 

090 

1  .  to 

1 .00 

26  90 

N5C 

(037) 

(0  43) 

(057) 

(052) 

(337) 

TABLE  3.5  :  For  each  mdez,  mean  and  attsdaod  derktiDn  in  N 
ftobal  and  m  each  session  of  the  {lotq)  KNNC,  for  the  sshjeco 
iriih  a  krvex  Irrel  of  xhool  edtmion  (Yar  21L). 
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N  GLOBAL 

N 

N 

N 

C 

K  CS 

91  40 

(1.60) 

92  31 
(1  84) 

93  00 
(243) 

95  08 
(1  96) 

66  46 
(324) 

X  DS 

6950 

(486) 

70  31 
(5  87) 

7233 

(7.19) 

7877 
(7  66) 

5369 

(424) 

NC5 

4.90 
(0  60) 

4  .46 
(0  74) 

3.83 
(0  78) 

3.62 
(0  81) 

9.77 
(0  54) 

Nl  5 

2.60 

(041) 

2.15 

(037) 

1  .42 
(0  42) 

1.62 

(058) 

4.23 

(1.03) 

U  (5) 

1  .52 
(022) 

m 

1.14 

(026) 

099 

(0.32) 

2.55 

(020) 

U  (C5) 

1  .  13 
(0  19) 

1.09 

(023) 

0  87 
(023) 

0  77 
(029) 

2.08 
(0  15) 

U  (15) 

1  .04 
(0.20) 

0  86 
(0  21) 

041 

(020) 

046 

(023) 

1  .46 
(038) 

N5D2 

11.  10 
(1  96) 

10.38 
(2  27) 

7.50 

(1.84) 

6.08 

(290) 

15  92 
(1  42) 

NSDIO 

6.45 
(1  05) 

5.92 

(1.26) 

Bi 

500 

(1.55) 

1 1. 85 
(089) 

NSC 

0  30 
(021) 

■H 

056 

(029) 

_ 

062 

(037) 

27  15 
(208) 

TABLE  3  6  :  For  each  tndez,  meazi  and  5teilaid  ienstm  in  N 
global  and  m  each  xsskm  oi  the  gionp  HHHC,  for  die  nb)eco 
irilh  a  medirm  level  of  xhool  edncatcn  (Var  2/M). 


N  GLOBAL 

N 

N 

N 

C 

5?  CS 

90  43 
(1  55) 

91  85 
(1  76) 

95  50 
(0  99) 

97  69 
(0  67) 

84  77 
(422) 

X  D5 

60  57 
(473) 

63  85 
(648) 

66  83 
(7  09) 

77  69 
(6  46) 

39  69 
(676) 

NCS 

6  07 
(065) 

5.92 
(0  99) 

500 
(1  26) 

3.69 
(1  07) 

11  .31 
(0  90) 

N  1  S 

2.89 

(038) 

mm 

1.67 

(028) 

1  00 
(028) 

5  00 
(1  19) 

U  (5) 

) .  80 
(0  20) 

1  .70 
(0  28) 

1.43 
(0  31) 

0  90 
(0  26) 

3.08 
(0  27) 

U  (C5) 

I  .40 
(0  18) 

1  .36 
(0  25) 

1.22 
(0  30) 

0  78 
(025) 

2.56 
(0  27) 

U  (1  5) 

1.23 
(0  16) 

0  99 
(0  22) 

0  49 
(0  19) 

024 
(0  16) 

1.70 
(0  35) 

N5D2 

12.11 
(1  62) 

10.77 
(2  04) 

11.42 
(3  33) 

8.08 
(2  68) 

22  00 
(323) 

NSDIO 

7.64 

(094) 

7.23 

(117) 

6.58 
(1  90) 

4.54 

(1  47) 

15.08 

(203) 

NSC 

1  .25 
(068) 

2.08 
(1  44) 

1.08 

(056) 

054 
(0  31) 

20.08 
(3  46) 

TABLE  3  7  For  each  index,  meai  and  stadeid  derkhDii  in  N 
flDbal  and  in  each  aesaiDn  of  the  fnap  NKHC,  Ibr  the  snbiecTs 
▼idi  a  upper  krel  of  xhool  edncahon  (Yar  2/U). 


N 

D 

DIO 

C 

88  00 

94  55 

98  00 

97  45 

%  cs 

(229) 

(1  66) 

(089) 

(047) 

- 

58  73 

2200 

1473 

49  09 

*  DS 

(839) 

(2  63) 

(091) 

(6.48) 

6.09 

12.82 

15  73 

12  36 

NC5 

(1  08) 

(1  16) 

(070) 

(079) 

3.73 

2.18 

1  00 

1.27 

N  1  5 

(041) 

(0.55) 

(0  45) 

(024) 

1.96 

3.37 

3  .75 

2.62 

U  (5) 

(0  33) 

(0  17) 

(006) 

(0  23) 

1  .45 

3.18 

3.67 

2.50 

U  (C5) 

(0  34) 

(0  19) 

(009) 

(024) 

1.68 

0  98 

030 

032 

U  (IS) 

(0  17) 

(0  29) 

(022) 

(0  17) 

13  45 

33  64 

41.55 

24  27 

NSD2 

(3  45) 

(2  22) 

(1  45) 

(282) 

8.36 

1891 

2464 

16  00 

NSDIO 

(1  83) 

(2  31) 

(1.51) 

(1.66) 

1  .18 

2.73 

5.73 

26  45 

NSC 

(0  62) 

(0  63) 

(1  00) 

(294) 

TABLE  3  8  :  Foi  each  index,  meac  lad  sudad  deviitio&  in 
each  eessim  of  die  croup  HDD^qC,  for  die  enbjects  vidi  e  kmr 

Im]  of  xhDOl  edocatbn  (Vax  2/L). 


N 

D 

DIO 

C 

89  71 

93  71 

96  00 

97  14 

%  C5 

(3  13) 

(1  77) 

(1  95) 

(074) 

68  00 

2286 

1486 

37  71 

%  DS 

(9  21) 

(234) 

(086) 

(990) 

• 

5  .71 

12.43 

15  57 

1371 

NC.S 

(1  02) 

(1.04) 

(1  09) 

(1  48) 

3.43 

2.57 

1  .71 

Nl  S 

(092) 

(069) 

(0  81) 

■■ 

1  .69 

3.37 

3.78 

3.04 

U  (5) 

(041) 

(0  12) 

(0  06) 

(040) 

1  .22 

3.14 

3.64 

2.93 

U  (C5) 

(034) 

(0  14) 

(Oil) 

(040) 

1  .38 

1  . 15 

0  57 

051 

U  (1  5) 

(0  40) 

(0  35) 

(039) 

(0  25) 

12  .43 

35  14 

4229 

30  57 

N5D2 

(3  90) 

(261) 

(201) 

(509) 

7.43 

18  57 

25  86 

19  29 

NS  DIO 

(1  94) 

(1  94) 

(1  97) 

(3  14) 

029 

4.43 

5.86 

21.14 

NSC 

(0  18) 

(1.73) 

(1  44) 

(449) 

TABLE  3  9  :  For  etch  mdex,  mean  and  eiudani  deviaiiDn  i& 
aach  eessicm  of  the  sronp  NDD^qC,  for  nbjeco  Yiih  t  nediom 

1ml  of  school  ed«aiicm(yir2/^. 


N 


D 


DIO 


C 


8920 

92  13 

%  C5 

(2  48) 

(239) 

5773 

22  40 

X  D  5 

(693) 

(2  04) 

- 

6.20 

12.27 

NC5 

(090) 

(1.10) 

3.47 

2.53 

N  1  S 

(0  58) 

(055) 

1.88 

3.35 

U  (5) 

(0  28) 

(0  12) 

I  .43 

3.08 

U  (C5) 

(026) 

(0  18) 

1  .43 

0  97 

U  (15) 

(0  23) 

(0  27) 

13  27 

35  07 

NSD2 

(2  48) 

(1  96) 

8  00 

18  27 

NSDIO 

(1  47) 

(1  66) 

053 

3.47 

N5C 

(0  17) 

(0  78) 

95  20 
(236) 


15  47 
(096) 


1  .53 
(052) 


3.78 
(0  08) 


3.63 
(0  15) 


057 

(023) 


41  47 
(200) 


2667 
(2  17) 


5.93 
(0  93) 


9440 

(328) 


6280 
(5  70) 


10. 13 
(096) 


1  .60 
(073) 


2.07 

(026) 


1.85 

(023) 


057 

(028) 


16  80 
(236) 


12.13 

(1,55) 


31.20 

(3.20) 


TABLE  3  10  :  For  each  index,  mean  and  swidart  deriaiiDn  in 
each  session  of  the  fionp  NDDjgC,  to  the  subjects  vto  a  i9pei 

level  of  school  education  (Yii  2/11) 


V  74^ 


F  N  GLOBAL 


01  5  86  p«  02  5.35  p- .02  118  NS  8  73  p*  006 

5  0  19  NS  0  43  NS  0  74  NS  0  28  NS 

5  062  NS  125  NS  0  17  NS  2  12  NS 


1  7  36  P-  .008  15  48  p*  .0005  0  98 

2  0  99  NS  0  45  NS  0.18 

3  108  NS  000  NS  1.20 


I  4.87  p».03  8.93  p- 

NC.S  2  1.07  NS  1.28 

3  0  47  NS  0  00 


1  58 

N  I.5  2  038 

3  1.88 


U  (S) 


P-.01  5  36 

NS  007 
NS  067 


P-  .02 
NS 
NS 


15  83  p=  .0004  2  72 

064  NS  0.27 

000  NS  0.78 


NS  0.03  NS  1.86  NS 

NS  0.78  NS  1.81  NS 

NS  1.87  NS  0.00  NS 


I  96  NS  0  69  NS  0  36  NS 

0.31  NS  0  61  NS  0.97  NS 

0.64  NS  1.24  NS  0.53  NS 


070  NS  7.08  p-  .01 
0  45  NS  0  21  NS 

0  26  NS  2  60  NS 


0  29  NS  2  29 
0.69  NS  I  46 
1.35  NS  0  38 


6  49 

p=  .01 

0  75 

NS 

0  72 

NS 

NS  0  15  NS  0  24 
NS  079  NS  142 
N5  1.68  NS  0  23 


U  (IS)  2 
3 


1  292 
NS  DIO  2  0  85 
3  061 


1  0  83 

2  0  88 
3  1.60 


7  03  p=.01  3  28 

0.10  NS  0.13 

0.47  NS  0.13 


1  3  78  p=.05  1429 

NSD2  2  0.38  NS  0  67 

3  1.26  NS  0  00 


N5  9 
NS  1 
NS 


N5  0.38  N5  3  15 
NS  0  33  NS  0  13 
NS  0.18  NS  2  52 


^  p=  005 

1  71 

1  NS 

028 

)  NS 

069 

2.28  NS  000  NS  027 

0  54  NS  0  30  NS  181 

0.89  NS  2.01  NS  0.54 


0  29  NS  0  69 
0  38  NS  136 
0  98  NS  0  45 


06 

NS 

39 

NS 

00 

NS 

0  72  NS  2  27 
0  36  NS  182 
0  80  NS  0  00 


TABLE3.il ;  For  etth  index,  AHOYA  (type  i  level)  in  N  global 
and  in  each  session,  of  the  groop  HHHC. 

1  ■  factor  type,  in  N  global  ;F(1, 68)  jin  NNNC  ;F(1,35) 

2  -  factor  level,  in  N  global ;  F(2 ,68);  in  NNNC  ;  F(2 ,35) 

3  »  factor  type  x  fevel,  in  N  global ;  F(2,68)j  in  NNNC  ;  F(2,35) 


C  S 

1 

2 

3 

1 

%  D  S 

2 

3 

NC5 

1 

2 

3 

N  IS 

1 

2 

3 

U  (S) 

1 

2 

3 

U  (CS) 

1 

2 

3 

U  (IS) 

! 

2 

3 

NSD2 

1 

2 

3 

1 

NS.DIO 

2 

3 

NSC 

1 

2 

3 

062 


0.019 
0  13 
0  16 


094 

NS 

0.34 

NS 

0  17 

NS 

041 

1 

t 

i 

S 

002 

s 

095 

s 

0  01 

NS 

0  06 

NS 

0.65 

NS 

02 

NS 

0  1 1 

NS 

000 

NS 

0  1 1 

N 

s 

0  01 

N 

s 

0  00 

N 

5 

NS  0  32 
NS  008 
NS  000 


NS  0  15 
NS  008 
NS  0  10 


NS  028 
NS  0  15 
NS  1  92 


NS  0  15 
NS  003 
NS  0  16 


NS  0  05 
NS  034 
NS  055 


NS  1 .24 
NS  004 
NS  02 


C 

070 

- 1 

NS 

042 

NS 

000 

NS 

0.07 

NS 

3.19 

P'  .05 

1.74 

NS 

0 

NS 

5 

NS 

3 

n:* 

009 

NS 

274 

NS 

1  08 

NS 

000 

NS 

3  73 

p=  .03 

1.2 

NS 

036 

NS 

026 

NS 

023 

NS 

003 

NS 

4.86 

p=  .01 

2.09 

NS 

03 

1 

S 

003 

S 

3  16  p=  0  08 

001 

06 

5 

003 

s 

0  28 

NS 

305 

.18 

C 

Oil 

S 

000 

NS 

0.69 

232  NS  049 
19!  NS  0  61 
7.72  p-  002  0  95 


TABLE  3  12  ;  For  each  index,  ANOYA  (type  x  level)  in  each 
session  of  the  gronp  NDDjqC. 

1  ■  factor  type  ;  F(l,32) 

2  ■  factor  level ;  F(2, 32) 

3  »  factor  type  x  level ;  F(2,32) 


NS  0.27 
NS  1 .87 
NS  1.10 
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J!  C  5 


X  D  S 


U  (5) 


U  (CS) 


U  (I  5) 


N5D2 


NS  DIO 


N  &LOBAL 


t  *  -2  48 


t  «  -2  71 


t  =  2.22 


t  =  240 


t  =  3  15 


t  =  257 


t  •=  -2  51 


t  =  1  72 
NS 


t  =  090 
NS 


t  *  3  08 


t  =  2  41 


t  *  2  93  t  =  2  77 


t  •=  1  95 

» 


t  *  3  12 


t  *  1  43 
NS 


N 

N 

C 

t  -  -2  33 

t  »  -112 

NS 

t  *  292 

t  «  -101 

NS 

t  *  0  18 

NS 

t  *  1  37 

NS  1 

t  *  1 .45 

NS 

t  «  0  83 

NS 

t-061 

NS 

t  =  2  35 

» 

t  »  0  87 

NS 

t  >=  -2  60 

» 

t  =  1  70 

NS 

t  =  054 

NS 

t  =  -1  52 

NS 

t  =  1  14 

NS 

t  =  0  39 

NS 

t  =  -0  49 
NS 

t  =  1  91 

NS 

1 

t  =  0  65  1 

NS 

t  =  -1  74 
NS 

t  =  1  54 

NS 

t  «=  0  03 

NS 

t  -  051 

NS 

1 

t  =  1  35 

NS 

t  =  0  55 

NS 

t  =  083 

NS 

:  t -  1  05 

NS 

t  -  086 

NS 

t  =  1.51 

NS 

TABLH  3  13  ;  Stndeitt  T-fcst  (type  of  school  edtratiDn)  in  N 
(bbal  and  in  each  session  of  tbe  ponp  HHHC  (*  ;  p<  .05, 

;  p<.01,  NS  :  no  sJinificanO. 


no 


N 

D 

DIO 

C 

%  C5 

t  «  -118 

NS 

t  «  1  02 

NS 

t  -  043 

NS 

t  •  0  89 

NS 

%  D5 

t  *  -0  48 

NS 

t  «  -0  66 

NS 

t  •  0  13 

NS 

t  •  0  25 

NS 

NCS 

t  «  0  20 

NS 

t  *  0  12 

NS 

t  -  -0  84 

NS 

t  “  0  05 

NS 

N  !.S 

t  -  1.48 

NS 

t  -  -0  47 

NS 

t  -  -0.01 

NS 

t  -  -0  56 

NS 

U  (S) 

t  «=  0  81 

NS 

t  =  0  35 

NS 

t  -  -1  13 

NS 

t  -  -0  29 

NS 

U  (CS) 

t  =  03! 

NS 

t  =  060 

NS 

t  «  -0  41 

N5 

t  •  -0  06 

NS 

U  <1  5) 

t  »  1  85 

NS 

t  =  -0  41 

NS 

t  «  0  23 

NS 

t  -  -0  63 

N5 

NSD2 

t  =  -0  23 

NS 

t  =  -0  52 

NS 

t  -  -118 

NS 

t  -  -0  15 

NS 

NSD!0 

t  =  -0  )  9 

NS 

t  *  0  17 

NS 

t  »  -1.88 

NS 

t  •  0  1  1 

NS 

NSC 

t  -  -1  25 

NS 

t  «  071 

NS 

t  •  -0  1 3 

NS 

t  «  0.51 

NS 

TABLE  3  14  :  Stndeiii  T-fc«  of  Khool  edraaon)  m  Mch 
RwiDii  of  tbt  fxovp  HDD|qC. 


Ill 


>»NDVA  (GROUP  X  TYPE) 

%  cs 

FACTOR  GROUP  F  ().  68  )  -  2.05  NS 

FACTOR  TYPE  F  (1.  68  )  -  6  23  *♦» 

GROUP  X  TYPE  F  (1.  68  )  -  0.78  NS 

%  DS 

FACTOR  GROUP  F  (1.  68  )  -  1.20  NS 

FACTOR  TYPE  F  (1.  68  )  «  7  70 

GROUP  X  TYPE  F  (1.  68  )  -  403  * 

NC.S 

FACTOR  GROUP  F  (1.  68  )  *  0  42  NS 

FACTOR  TYPE  F  (1.  68  )  -  5  10  * 

GROUP  X  TYPE  F  (1.  68  )  -  3  81  * 

N  1  5 

FACTOR  GROUP  F  (1.  68  )  -  9  70 

FACTOR  TYPE  F  (1.  68  )  =  6  48 

GROUP  X  TYPE  F(1.68  )  =  0  70  NS 

U  (5) 

FACTOR  GROUP  F  (1.  68  )  *  0  99  NS 

FACTOR  TYPE  F  (1.  68  )  =  10  32 

GROUP  X  TYPE  F  (1.  68  )  *  3  79  * 

U  (C  S) 

FACTOR  GROUP  F  (1.  68  )  =  0  24  NS 

FACTOR  TYPE  F  (1.  68  )  =  6  84  »» 

GROUP  X  TYPE  F(1.68  )  =  435  * 

U  <1  S  ) 

FACTOR  GROUP  F  (1.  68  )  =  10  25  ** 

FACTOR  TYPE  F(1.68  )  -  9  75 

GROUP  X  TYPE  F(1.68  )  =  0  99  NS 

N5  D2 

FACTOR  GROUP  F(1,68)  »  070  NS 

FACTOR  TYPE  F  (1.  68  )  =  407  » 

GROUP  X  TYPE  F(1,68  )  -  5  72  * 

NS  DIO 

FACTOR  GROUP  F  (1.  68  )  «  0  48  NS 

FACTOR  TYPE  F(1.68  )  =  3  09  NS 

GROUP  X  TYPE  F  (1.  68  )  »  4  18  * 

NS  D 

FACTOR  GROUP  F  (1,68  )  *  047  NS 

FACTOR  TYPE  F(1.68)  «  083  NS 

GROUP  X  TYPE  F(1.68  )  -  2  98  NS 

TABLES  15  .  Pbr«ckiiitr,AH0VA<fBiVx9ff)to*«ftot 
•«»im(iHiax  H). 
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■ 

N  -  N  (df  -  67,0) 

N  -  D  (df  «  65,0) 

C  -  C  (df  «  67.0) 

X  C  5 

t -  -  1  38 

t  -  -  0  33 

t  *  3  18 

NS 

NS 

%  D5 

t - >  1  02 

t  -  -  10  22 

t  «  0.84 

NS 

*** 

NS 

NCS 

t  -  0  62 

t  -  8  82 

t  -  1 .50 

NS 

4HH( 

NS 

N  1  5 

t  •=  3  00 

t  *  2  22 

t  -  -  407 

*** 

U  (5) 

t  =  091 

t  *  10  58 

t -  -  1  30 

NS 

NS 

U  (C5) 

t  =  045 

t  =  10  57 

t  *  0  12 

NS 

*** 

NS 

U  (1  5) 

t  =  301 

t  •=  2  94 

t  -  -  4  35 

N5D2 

t  '  079 

t  ■=  1 1  84 

t  =  1  56 

NS 

NS 

N5D10 

t  *  0  67 

t  *  863 

t  =  1.23 

NS 

♦MH* 

NSC 

t  -  -  0  68 

t  «  4  18 

t  *  1.09 

NS 

NS 

Tabu  3.I6  ;  For  each  index,  Stodeirt  T-Wt  ia  to,  le 
Mcond  and  the  lbTrilh9e3siDis,foTlhe  cbbalpoptikt^ 

C*  ;p<.05,**  ;f<  01,*^  ;F<.001,NS  .  no  sapiificaiiQ 


(MATRIX  X  TYPE) 


X  C5 

FACTOR  MATRIX  F  (1.  68  )  *  0  12  NS  I 

FACTOR  TYPE  F  (1.  68  )  •  0  90  NS  '| 

MATRIX  X  TYPE  F  (1.  68  )  *  5.71  *  I 

X  DS 

f 

FACTOR  MATRIX  F  (1.  68  )  •  104,4  *»»  j' 

FACTOR  TYPE  F  (1.  68  )  -  051  NS  i" 

MATRIX  X  TYPE  F  (1.  68  >  -  1.41  NS 

i 

NC.S 

FACTOR  MATRIX  F  (1.  68  )  *  77  74  **» 

FACTOR  TYPE  F  (1.68  )  *  0  48  NS 

MATRIX  X  TYPE  F(l,68)  =  151  NS  ij 

' 

N  1  5 

FACTOR  MATRIX  F  (1.  68  )  “  5  06  * 

FACTOR  TYPE  F(1.68>  =  060  NS  j 

MATRIX  X  TYPE  F  (1.  68  )  =  2  96  NS  i 

I 

U  (S) 

FACTOR  MATRIX  F(1.68  )  =  116  55  | 

FACTOR  TYPE  F  ( 1 ,  68  )  «  1  48  NS  j 

MATRIX  X  TYPE  F(1.68)  »  3  24  NS  j 

U  (C  S) 

1 

FACTOR  MATRIX  F(I,68  )  *  11184 

FACTOR  TYPE  F  (1,  68  )  »  0  68  NS  j 

MATRIX  X  TYPE  F  (1.  68  )  «  1.37  NS  i 

U  (1  5  ) 

FACTOR  MATRIX  F  (1,  68  )  =  8  72  **  [ 

FACTOR  TYPE  F  (1.  68  )  -  0  36  NS  1 

MATRIX  X  TYPE  F  (1.  68  )  =  2  18  NS 

i 

1 

NSD2 

FACTOR  MATRIX  F  (1.  68  )  •  142  64 

MATRIX  X  TYPE  F  (1.  68  )  *  0  15  NS 

MATRIX  X  TYPE  F  (1.  68  )  =  3  03  NS 

NS  DIO 

■ 

FACTOR  MATRIX  F  (1.  68  )  *  73  90  j 

FACTOR  TYPE  F(l,68  )-  040  NS  ! 

MATRIX  X  TYPE  F  (1.  68  )  •  116  NS  1 

NS  D 

FACTOR  MATRIX  F(1.68)  •  17  29 

factor  type  F  ( 1 .  68  )  *  0  87  NS 

MATRIX  X  TYPE  F(1.68  )  -  0  40  NS 

TABLE  3.17  :  Foi  Mcli  Ma.  AMOYA  (M«Biz  x  Typx)  ii 

— rriTnl  /V  H  Kn 
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/ 


>>^DVA  (PRE  -  TRAINING  X  TYPE) 

%  cs 

FACTOR  PRE-TRAINING  F  (1.  68  )  -  11  64  »♦» 

FACTOR  TYPE  F  (1.  68  )  -  7  84 

PRE-TRAINING  X  TYPE  F(1,68  )*  427  * 

%  D5 

FACTOR  PRE-TRAINING  F  (1,68  )  -  071  NS 

FACTOR  TYPE  F  (1.  68  )  -  1  11  NS 

PRE-TRAINING  X  TYPE  F  (1.  68  )  -  0  52  NS 

NC.5 

FACTOR  PRE-TRAINING  F(1.68)  «  2.19  NS 

FACTOR  TYPE  F  (1.  68  )  *  0  13  NS 

PRE-TRAINING  X  TYPE  F  (1.  68  )  *  0  15  NS 

N  1  5 

FACTOR  PRE-TRAINING  F  (1.  68  )  -  18  62  *** 

FACTOR  TYPE  F  (1.  68  )  =  566  * 

PRE-TRAINING  X  TYPE  F(1.68  )  *  456  * 

U  (5) 

FACTOR  PRE-TRAINING  F(1,68)»  169  NS 

FACTOR  TYPE  F  (1,  68  )  *  1  38  NS 

PRE-TRAINING  X  TYPE  F(1.68  )  =  0  69  NS 

U  (C  5) 

FACTOR  PRE-TRAINING  F(l,68  )*001  NS 

factor  TYPE  F(1.68)-019  NS 

PRE-TRAINING  X  TYPE  F  (1.  68  )  «  0  06  NS 

U  (1  5  ) 

FACTOR  PRE-TRAINING  F  (1.  68  )  «  19  545 

factor  TYPE  F{1,68  )  -  2  63  NS 

PRE-TRAINING  X  TYPE  F  (1,  68  )  -  1  63  NS 

NS  02 

FACTOR  PRE-TRAINING  F(1.6B)  «  2  36  NS 

factor  TYPE  F(1.68  )  -  0  02  NS 

PRE-TRAINING  X  TYPE  F(1.68  )-  0205  NS 

NSD10 

FACTOR  PRE-TRAINING  F  {1.  68  )  -  1  49  NS 

FACTOR  TYPE  F  (1,68  )  -  031  NS 

PRE-TRAINING  X  TYPE  F(1.68)  •  023  NS 

NSD 

FACTOR  PRE -TRAINING  F  (1,  68  )  -  1205  NS 

FACTOR  TYPE  F  (1.  68  )  -183  NS 

PRE-TRAINING  X  TYPE  F(l,68.)  ■  0  47  NS 

TABLE  3  19  For  MChMtX,  ANOVA 
fDQrti  sessin  (MBBciz  C). 


Z9fe}ai 


T  «Jf  •  36) 

N-T  (df  *  27) 

%  cs 

t  «  -  2  85 

t  «  -  2  39 

« 

S  D.5 

t«  -0  23 

t  «  -  0.84 

NS 

NS 

NCS 

t  -  -  074 

t -  -  I  40 

NS 

NS 

NI.S 

t  -  2.80 

t  =  3.09 

U  (S) 

t  -  0.47 

t  »  1.27 

NS 

NS 

U  <CS) 

t  =  -  0  15 

t  =  -  0  06 

NS 

NS 

U  (I  S) 

t  =  2.93 

t*  2.99 

«-hf 

NSD2 

O 

o 

1 

H 

t  «  -  1  72 

NS 

NS 

NSDIO 

t  =  -  050 

t  •=  -  1  47 

NS 

NS 

NCS 

t  -  -  049 

t  •  -  0  88 

NS 

_ 

NS 

TABLE  3.20  :  For  each  index,  StodentT-test  (Mctca)  in  tefbTBTb 
fusion,  lor  each  t^pe  of  xhool  edncaiion.  (*  :  p<.G6,  **  ;  f<.0  1; 
NS :  so  ssnificanV 
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N  global 


A 

B 

%  cs 

91,20 

69.  A1 

%  OS 

66,40 

60,95 

NCS 

5,43 

6,11 

NIS 

2,90 

2,95 

U  (S) 

1,63 

1,85 

U  (CS) 

1,23 

1,42 

U  (IS) 

1-21 

1,20 

NSD2 

12,30 

12,16 

NSDIO 

7,17 

7,89 

NCS 

1,07 

0,71 

Tab.  3.21. 

For  each  index-  means  according  to  the  subjects' 
cognitive  style-  in  N  global.  In  N  global, 

30  Assimilators  (A)  and  38  Explorers  (E) . 
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N  N  C 


A. 

E 

A 

E 

A 

E 

%  cs 

94.13 

93,67 

95,76 

96,11 

84,5 

90,44 

%  DS 

71,5 

66,44 

81,41 

68,95 

46,63 

51,44 

NCS 

3,94 

5,00 

3,00 

5,05 

10,44 

10,56 

NIS 

1,25 

1,78 

1,00 

1,53 

5.19 

3,56 

U(S) 

1,13 

1,48 

0,78 

1,35 

2,84 

2,61 

U(CS) 

0,89 

1,23 

0,59 

1,18 

2,29 

2,23 

U(IS) 

0,26 

0,55 

0,21 

0.5 

1,76 

1,32 

NSD2 

9 

10,6 

5,82 

11,58 

17,5 

19,22 

NSDIO 

5,06 

6,61 

3,82 

6 

13,06 

13,22 

NCS 

0,50 

1,28 

0,18 

1  1,16 

23,5 

26.28 

__ 

Tab.  3,22. 

For  aach  index,  neane  according  to  the  aubjecte'  cognitive  atyle, 
in  the  aeBsions  2,  3  and  4  of  the  experimental  group  NNNC 
(16A  and  IBE) . 


A 

— 

S 

A 

B 

A 

E 

%  cs 

95,  38 

91,79 

98,46 

94,84 

97,37 

94,95 

%  DS 

21,05 

23,05 

14,15 

15,79 

55,08 

53,16 

NCS 

13,38 

11,79 

16,38 

15,05 

11,92 

11,47 

NIS 

2,00 

2,68 

0,69 

1,84 

1,15 

1,68 

U{S) 

3,41 

3, 32 

3,81 

3,74 

2,44 

2,44 

U(CS) 

3,25 

3,03 

3,76 

3,56 

2,32 

2,24 

U(1S) 

0,81 

1,12 

0,08 

0.73 

0,38 

0,57 

NSD2 

34,85 

34,42 

43,54 

40,47 

21,46 

21,64 

NSDIO 

19,31 

17.09 

26,54 

25,21 

5,  38 

14,63 

NCS 

3,54 

3,42 

5,62 

5.79 

28,46 

27.21 

Tab.  3.23. 

For  each  index,  neans  according  to  the  eubjecta'  cognitive  style, 
in  the  sesBions  2,  3  and  4  of  the  experimental  group  NDDIOC 
(14A  and  20E) , 
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CAN  TO  TEACH  SCIENTinC  CREATTVITY  ? 
An  experimenta]  psvehoJogist's  point  of  view. 


This  is  a  revised  version  of  a  paper  delivered  at  the  the  symposium  Science.  Creativity 
and  Education.  Firenze,  December  1986. 

Theoretical  and  expierimental  work  presented  in  this  paper  has  been  made  possible 
thanks  to  grants  from  the  Belgian  Fonds  National  de  la  Recherche  Scientifique  and  the 
U.S.  Army  European  Research  Office  (Basic  Research  in  Behavioral  and  Social 
Sciences). 
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Overt  concern  for  creativity  in  education  and  in  psychology  is  rather  recent;  it  goes 
back,  roughly,  to  the  fifties.  If  asked  for  an  explanation,  most  people,  especially  in 
educational  circles,  would  probably  declare  that  members  of  the  teaching  community, 
had,  by  that  time,  developed  new  insights  as  to  the  role  of  schools,  and  that  the  old 
view  of  teachers  as  transmitting  knowledge  had  given  place  to  a  new  look, 
emphasizing  the  fostering  of  creative  minds.  A  closer  look  at  history,  recent  as  it  is, 
suggests  a  less  idealistic  account  (Richelle  and  Botson,  1974).  Psychologists  and 
specialists  of  education  became  much  concerned  with  creativity  in  the  United  States  of 
America  in  a  peculiar  period  :  competition  between  the  two  superpowers  was 
exacerbated  by  the  cold  war,  and  the  progresses  of  Soviet  technology  threw  doubt  on 
the  efficiency  of  the  American  educational  system,  especially  in  science  teaching. 
People  started  talking  a  lot  about  creativity,  because  it  hil  become  scarce,  just  as  they 
Stan  talking  about  money  or  oil  when  ^ere  is  a  shortage  of  these  items.  This  is, 
admittedly,  not  the  single  cause  of  the  awareness  for  and  of  the  subsequent  interest  in 
the  problem  of  creativity.  Specialists  in  education  and  in  psychology  arc  c:nJnly  to 
be  credited  fer  their  penetrating  new  approaches  to  a  hitherto  neglect^  domain.  There 
is  no  question  about  that.  However,  creative  activities  have  been  with  us  for 
thousands  of  years,  with  no  need  for  any  deliberate  steps  towards  inducing  them. 

These  preliminary  remarks  are  intended  to  remind  us  of  an  essential,  though,  at 
first  sight,  trivial  point.  Whatever  we  might  have  to  say  or  to  know  about  the  nature  of 
creativity  or  about  its  psychological  conditions,  in  terms  of  intelligence,  underlying 
cognitive  mechanisms,  personality,  learning  and  so  on,  socio-cultural  factors  are 
undoubtedly  crucial  in  generating  creative  activities  in  humans.  This  should  be  kept  in 
mind  by  all  those  who  attempt  to  improve  school  curricula,  teaching  procedures, 
assessment  methods  for  detecting  or  producing  talents  or  geniuses.  Their  task  might 
be  futile  if  not  backed  by  a  sociocultural  context.  Cultural  history  as  well  as 
comparative  sociology  are,  in  that  respect,  essential  sources  of  information,  that 
should  not  be  left  aside  by  any  person  concerned.  This  is  to  say  that  the  problem  of 
creativity,  and  more  specifically  of  scientific  creativity,  cannot  be  approached  from 
one  single  point  of  view,  but  is  ^ically  an  object  for  pluridisciplinary  approach.  This 
precaution  was  necessary  in  order  to  avoid  misunderstandings  about  the  ideas 
developed  below,  and  to  frame  them  correctly  in  a  wider  perspective. 

The  question  "  Can  we  teach  scientific  creativity  ?  "  might  sound  strange,  for 
different  reasons,  to  different  audiences.  To  science  teachers,  traditionnally  required  to 
teach  science,  it  will  evoke  an  unusual  assigrmient,  far  beyond  their  recognized 
competence  and  far  beyond  the  competence  of  their  students,  and,  anyhow, 
impossible  to  fulfill  with  the  ordinary  facilities  at  hand.  To  productive  scientists,  who 
probably  do  not  remember  having  been  taught  that  subject  matter,  it  will  induce  a 
reply  like  :  "Do  good  research  and  ,eventually,  something  new  will  come  out  of  it".  In 
some  psychologists  and  people  in  education  sharing  a  view  that  is  still  prevalent  in 
many  circles,  it  will  provoke  the  objection  :  creativity  is  not  the  kind  of  thing  you  can 
teach  because  people  are  bom  with  (  or  without )  it  Common  sense  might  simply 
point  to  our  ignorance  of  the  nature  of  creativity,  and  consequently  to  the  obvious 
difficulty  in  teaching  something  you  don’t  know  anything  about 

An  efficient  though  crude  solution  to  the  problem  might  be  to  go  on  doing  what 
has  been  done  in  the  past,  that  is  transmitting  scientific  know-how  somewhat  after  the 
tradition  of  craftmanship.  As  it  seems  this  way  is  no  longer  fully  satisfactory.  Creative 
productions  in  science  do  not  match  the  expectancies  or  are  not  commensurate  to  the 
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economic  and  intellectual  investment  in  science  education.  But  what  else  can  be  done 
is  not  clear. 

Psychologists  have  not  been  of  great  help,  and,  worse  than  that,  some  of  them 
have  contributed  to  mislead  teachers  by  statements  that,  to  say  the  least,  arc  not  based 
on  objective  observations.  As  pointed  out  above,  the  question  of  teaching  scientific 
(or  other)  creativity  has  no  object  at  all  for  those  who  think  of  creativity  as  an  inborn 
capacity  that  demands  only  to  flourish  with  as  little  constraint  as  possible.  This  view 
is  far  from  being  typical  of  anti  school  and  similar  movements.  It  has  been  shared  and 
advocated  in  the  1970s  by  influential  decision  makers  in  scientific  and  technological 
education.  One  of  them  used  the  unequivocal  formula  :  "You  cannot  teach  creativity, 
all  you  can  do  is  liberate  it '  (Schwartz,  L.,  1973). 

Supposing  you  praise  creativity  above  anything  else,  say  information  or 
know-how,  you  might  logically  suggest,  following  that  sort  of  statement,  that  we 
should  give  up  teaching.  Nobody  has  really  taken  that  risk,  especially  as  far  as  science 
teaching  is  concerned,  but  that  view  has  probably  generated  among  teachers  the 
uncomfortable  feeling  that  their  teaching  might  have  an  adverse  effect  on  an  ability  tha 
is  supposed  to  need  only  to  be  freed  from  (undefined)  constraints  rather  than  to  be  fed 
by  systematic  instruction.  Teachers  were  left  with  no  guidelines  for  action  and  were 
divened  from  looking  for  inspiration  in  fields  of  psychology  relevant  to  education,  in 
w  hich  the  vague  notion  of  creativity  has  little  place.  Psychology  of  learning  has  b«n 
especially  in  disrepute  because  learning  processes  have  been  much  identifitS  with  the 
passive  shaping  in  an  organism  of  rigid,  stereotyped,  fully  predictable  responses  -  all 
the  opposite  of  creativity.  More  about  that  beiow. 

If  we  want  to  progress  in  our  understanding  of  scientific  creativiry  and  altogether 
in  improving  scientific  education,  we  roust  first  get  rid  of  such  oversimplifications  and 
bring  back  our  problem  in  a  theoretical  and  methodological  framework  that  will  allow 
empirical  enquiry. 

As  a  first  step,  it  seems  advisable  to  replace  the  word  creativity  by  creative 
behaviors.  While  we  might  never  reach  a  consensus  on  what  creativity  is,  we  can 
agree  on  the  critical  dimensions  of  certain  behaviors,  or  of  their  outcomes,  that  we  call 
creative.  In  the  field  of  science,  we  might  like  to  use  the  number  of  Nobel  Prizes  per 
million  of  citizens,  or  the  percentage  of  elementary  school  pupils  eventually  earning 
their  Ph.D.,  or  the  number  of  technological  inventions  registered  per  year,  and  so  on. 

We  shall  not,  for  example,  give  the  label  creative  to  a  behavior  that  is  not,  in  some 
way  novel.  Novelty  needs  of  course  to  be  qualified  by  reference  to  some  set  of 
previously  produced  behaviors.  All  behaviors  that  appear  for  the  first  time  in  the 
course  of  individual  developement  are,  in  some  sense,  novel  by  reference  to  what  the 
child  had  done  until  then.  But  this  is  obviously  not  what  we  have  in  mind  when  we 
talk  of  scientific  (or  for  that  matter,  artistic)  creativity.  In  that  case,  novel  behaviors 
are  refering  to  the  cumulated  set  of  previous  productions  in  a  wide  cultural 
community.  There  is  very  little  chance  that  an  individual  will  contribute  some  novel 
behavior  if  he  or  she  has  not  mastered,  or  has  no  thorough  knowledge  of  what  has 
been  done  before.  This  is  probably  true  of  any  creative  contribution  in  the  arts.  It  is 
certainly  true  of  any  novelty  in  science,  where  no  significant  contribution  has  been 
recorded  from  an  individual  ignorant  of  the  field.  "Hiis  is  to  say  that  information, 
training  in  basic  know-how  and  basic  knowledge,  possibly  to  a  point  where  many 
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things  are  automatized,  are  prerequisite  for  original  productions.  This  would  be 
enough  to  recommend  teaching  scientific  knowledge  as  an  important  aspect  of  training 
future  creative  scientists.  How  to  teach  it  is  another  question,  that  we  shall  consider 
later. 

If  it  is  assumed  that  creative  behavior  is  a  product  of  some  inborn  endowment  or  of 
a  genuine  exploitation  by  an  individual  of  its  intellectual  gifts,  then  teaching  -  and 
learning  •  would  be  limited  to  the  transmission  of  the  established  knowledge  and 
methods  cuirrcntly  in  use.  This  view  is  based  on  a  persistent  believe  that  learning  and 
consequently  teaching  (it  makes  no  sense  to  teach  what  cannot  be  learned)  concerns 
only  repetitive,  stereotyped  behaviors,  as  captured  in  expressions  like  rote  learning  or 
conditioning.  The  psychology  of  learning  would  apply  to  those  aspects  of  school 
education  that  are  unproductive  and  coercitive.  School  ^ucation,  as  ^at  belief  goes, 
should  look  for  inspiration  in  other  fields  of  psychology,  possibly  psychology  of 
intelligence,  cogmdve  psychology  or  some  bran^  of  so  c^led  humanistic  psychology 
of  individual  achievement  This  states  of  affairs  is  bound  to  a  misrepresentation  of  the 
psychology  of  learning,  the  causes  of  which  can  be  traced,  for  a  pan,  in  historical 
aspects  of  the  psychology  of  learning  itself.  Discussion  of  this  poini  would  take  us  far 
beyond  the  scope  of  the  present  paper.  As  a  matter  of  illustration,  and  in  connection 
with  the  argument  developed  below,  let  us  just  mention  two  elements  responsible  for 
that  misrepresentation. 

(1)  The  psychology  of  learning  has  long  been  associated  with  a  stimulus-response 
psychology,  that  is  to  say  a  mechanistic  reduction  of  an  organism's  behavior  to  a 
purely  passive  role. 

(2)  Learning  psychologists  seem  to  have  been  interested  more,  in  the  last  50  years 
or  so,  in  how  simple  responses  can  be  maintained  -  in  an  apparently  stereotyped 
manner  -  rather  than  in  how  new  responses  emerge.  The  emphasis  has  been  on  the 
stabilization  of  what  has  been  acquired  rather  than  on  acquisition  itself. 

If  we  look  at  learning  in  a  different  way,  we  shall  get  to  an  approach  where 
psychology  of  learning  on  one  hand  and  psychology  of  intelligence  or  creativity  on  the 
other  are  no  longer  in  conflict  -  as  is,  paradoxically,  the  case  today  -  but  are 
complementary  to  each  other.  In  the  applied  field  of  education  we  shall  be  able  to 
combine  in  one  coherent  framework  the  assignement  to  teach,  i.e.  get  the  student  to 
learn,  and  to  develop  creative  students  -  that  is  students  who  produce  novel  behavior 
in  their  field  of  expense  (see  also  Richellc,  1986). 


* 


*  * 

Learning  processes  are  best  understood  in  terms  of  an  analogy  with  biological 
evolution.  The  latter  is  typically  a  process  of  change,  that  has  pr^uced  throughout 
millions  of  years  and  is  still  producing  an  impressive  number  of  novel  forms,  "ftese 
are  not,  in  a  strict  sense,  pre^ctable.  They  are  the  result  of  a  peculiar  kind  of  causal 
relation  ;  some  variations  are  fixed  by  selective  pressure.  The  origins  of  variations 
have  little,  if  anything  to  do  wilih  the  nature  of  selective  factors  at  work.  They  are 
mutagenic  accidents,  or  fortuitous  by-products  of  sexual  reproduction.  Chance  is  the 


key  word  here.  That  is  not  to  say  that  variations  are  without  causes,  but  that  the 
factors  causing  them  are  not  relat^  with  their  survival  value  as  revealed  afterwards, 
when  selection  has  retained  them. 

The  analogy  was  explicitly  and  abundantly  used  by  Popper,  among  others,  as 
rightly  pointed  out  by  Jacques  Monod  in  his  introduction  to  the  French  edition  (1978) 
of  The  logic  of  Scientific  Discovery  :  "  Conjecture  and  refutation  play  in  the 
development  of  knowledge  the  same  logical  role  (as  sources  of  information)  as 
mutation  and  selection,  respectively,  in  tite  evolution  of  the  living  world.  And  if 
natural  selection  has,  in  the  living  world,  been  able  to  build  the  mammals'  eye  or  the 
brain  of  Homo  sapiens,  why  would  selection  of  ideas  not  have  been  able,  in  its  own 
realm,  to  build  the  Darwinian  theory  or  Einstein's  theory  ?". 

The  analogy  between  the  process  of  biological  evolution  and  scientific 
discovery  is  pervasive  in  Popper's  works.  It  is  most  explicitly  stated  in  Objective 
Knowledge,  subtitled  "An  evolutionary  approach*.  Especially  relevant  to  my 
argument  is  Popper's  characterization  of  the  growth  of  knowledge  as  a  qiecial  case  of 
learning  ;  ’The  growth  of  knowledge  -  or  the  learning  process  (italic  mines)  •  is  not  a 
repetitive  or  a  cumulative  process  but  one  of  erTor>elimination.  It  is  Darwinian 
selection,  rather  than  Lamarckian  instruction*  (p.  144).  ‘All  this  may  be  expressed 
by  saying  that  the  growth  of  our  knowledge  is  the  result  of  a  process  closely 
ressembling  what  Darwin  called  "Natural  selection";  that  is  the  natural  selection  of 
hypotheses  .  our  knowledge  consists,  at  every  moment ,  of  those  hypotheses  which 
have  shown  their  (comparative)  fitness  by  surviving  so  far  in  their  struggle  for 
existence;  a  competitive  struggle  which  eliminates  those  hypotheses  which  are  unfit’ 

(p.  261), 

Popper  goes  on  by  framing  this  view  of  the  evolution  of  scientific 
knowledge  in  the  general  view  of  the  development  of  knowledge  •  or  learning  -  in 
living  systems  ;  ’This  interpretation  may  be  applied  to  animal  knowledge, 
pre -scientific  knowledge,  and  to  scientific  knowledge.’  He  further  insists  on  the  status 
of  the  analogy  ;  ’This  statement  of  the  situation  is  meant  to  describe  how  knowledge 
really  grows.  It  is  not  meant  metaphorically  .  though  of  course  it  makes  use  of 
metaphores...  From  the  amoeba  to  Einstein,  the  growth  of  knowledge  is  always  the 
same....  (p.  261). 

In  view  of  these,  and  many  similar  statements,  reflecting  not  an  incidental 
idea  but  a  central  tenet  in  Popper's  thinking,  it  is  all  the  more  surprizing  that  Popper 
does  not  mention  the  close  similarity  between  his  theory  and  Piaget's  epistemological 
theory,  not  to  speak  of  Skinner's  conception  of  learning.  Piaget  is  well-known  (and 
had  been  known  for  sometime  at  the  time  Objective  Knowledge  was  published,  1978) 
for  his  unifying  theory  of  knowledge,  involving  basically  similar  mechanisms  from 
elementary  biological  forms  to  the  highest  achievements  of  human  logics,  as  well  as 
obviously  different  levels  of  complexity.  Though  it  had  been  in  germ  in  his  early 
theoretic^  writings,  Skinner  elaborated  the  evolutionary  analogy  later  in  his  career  but 
he  had  already  done  so  in  Science  and  Human  Behavior  (1953).  Contingencies  of 
Reinforcement  (1969)  and  About  behaviorism  (19741.  (voir  Richelle,  1987).  As  1 
have  noted  about  Piaget  and  Skinner  (Richelle,  1976),  innuential  theorists  often  seem 
to  ignore  each  other,  and  overlook  significant  convergences  between  their  own  and 
others'  views.  This  is  an  interesting  problem  for  the  psychology  of  scientific  activity. 
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To  sum  up,  the  cvolutionnary  analogy  is  equally  appropriate  to  account  for  the  rat 
finding  his  way  in  a  maze,  for  the  pigeon  learning  to  peck  a  key  successfully  to  obtain 
a  food  reward,  for  the  chimpanzee  discovering  a  solution  to  a  practical  problem,  for 
the  child  getting  through  a  school  assignement  or  solving  a  survival  situation  in  the 
slum  of  a  great  city  and  for  the  scientist  carrying  out  experiments  in  the  laboratory.  In 
all  of  these,  and  other  cases,  there  is  elimination  of  unsuccessful!  behaviors,  there  is 
selection  of  (possibly  temiwrarily)  adaptive  activities  by  their  consequences.  This  is 
not  to  say  that  there  are  no  important  differences  between  pigeons,  rats,  chimpanzees, 
children  and  scientists  in  term  of  structural  complexity  of  their  respective  activities,  but 
we  can  leave  that  out  for  the  moment.  We  shall  assume  that  when  an  individual 
organism  is  learning  something  -  that  is,  is  being  changed  as  a  result  of  interaction 
with  its  environment  -  a  mechanism  is  at  work  which  is  analogical,  at  the  scale  of  the 
individual,  to  the  mechanism  of  biological  evolution  at  the  sc^e  of  the  species.  If  the 
analog  is  to  be  taken  seriously,  we  must  identify  the  consequences  that  make  for  the 
.selective  pressure  exerted  by  the  environment  as  well  as  the  variations  that  provide  the 
raw  material  upon  which  selection  is  to  operate.  Learning  psychologists  have  been 
spending  much  time  and  ingenuity  in  describing  consequences  (in  the  Skinnerian 
school,  this  endeavour  has  been  represented  by  the  thorough  study  of  so  called 
contingencies  of  reinforcement.  For  reasons  which  need  not  be  commented  upon 
here,  they  have  widely  neglected  the  study  of  the  sources  and  of  the  nature  of 
behavioral  variations. 

There  has  been,  however,  a  few  exceptions  to  that  neglect  Experimenters  who  did 
not  address  themselves  specifically  to  the  problem  of  variation  have  made  casual 
observations,  or  collected  experimental  data  that  revealed  relevant  afterwards  .  More 
recently,  systematic  research  has  been  carried  out  that  pave  the  way  for  an  extensive 
analysis.  We  shall  not  enter  the  technicalities  of  these  researches  but  shall  only 
describe  a  few  simple  examples,  conveying  the  general  spirit 

Let  us  take  a  very  simple  motor  response  such  as  the  well-known  lever-pressing  of 
a  rat  in  a  conditioning  chamber.  Some  positive  consequence  will  follow  any  motor 
response  sufficient  in  strength  to  activate  the  mechanical  device.  This  leaves  a  number 
of  physical  dimensions  unspecified  ;  beyond  the  minimum  force  required,  responses 
can  vary  in  strength,  they  can  vary  in  duration,  etc.  To  what  extend,  and  under  which 
conditions,  will  the  subject  make  use  of  the  freedom  given  to  him  to  v^  his 
responses  ?  Simple  experiments  have  shown  that,  in  the  absence  of  any  restrictions, 
the  animal  will  make  use  of  that  ficedom,  and  exhibit  a  wide  range  of  variability  (see 
Boulanger  et  al.,  1987). 


Another  simple  case  consists  in  arran^ng  the  situation  so  that  responses  can  be 
varied  in  space,  for  instance  by  providing  several  levels  instead  of  one,  or  by 
providing  a  pectog-key  extending  over  ten  centimeters  rather  that  limited  to  a  small 
disk,  one  centimeter  in  diameter.  Monkeys  offered  several  levers  will  make  use  of  all 
of  them  under  some  contingencies,  but  limit  themselves  to  one  single  lever  under  other 
contingencies.  Pigeons  exposed  to  a  wide  key  will  sparse  their  pecks  over  a  wide 
range,  under  some  contingencies,  while  sticking  at  a  limited  surface  under  other 
conditions. 
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Other  simple  observations  indicate  a  trend  toward  variation  in  animals,  otherwise 
duly  rewarded  for  their  behavior.  In  situations  where  two  levers  are  available  to  a  rat, 
and  are  made  equally  efficient,  the  subject  will  noore  often  than  not  tend  to  shift  from 
one  lever  to  the  other,  even  when  he  has  been  rewarded  on  the  first  lever.  This 
behavior,  called  win  and  shift  as  opposed  to  win  and  stay,  reveals  a  propensity  to 
change  from  a  response  in  spite  of  its  having  been  reinforced. 

In  an  elementary  situation,  time  to  run  from  a  start  point  to  the  end  of  a  straight 
alley  is  often  used  as  a  measure  of  learning.  Running  time  decreases  with  training  to 
an  asymptotic  value.  When  administer^  with  some  drugs,  such  as  alcohol  or 
amphetamines,  rats  showed  running-times  below  that  value.  Paradoxically,  the  drug 
seems  to  improve  learning.  A  closer  look  however,  reveals  that  non-drugged  rats,  at 
the  peak  of  their  performances,  still  spend  some  time  exploring  the  alley  -  doing 
something  else  than  just  running  straight  -.  Drugged  rats  do  no  longer  display  that 
exploratory  activity,  Aey  arc  rigidly  doing  what  ttey  are  rewarded  for.  Learning  is  not 
improved  :  variability  is  reduced. 

These  and  similar  data  suggest  that  organisms  behave,  to  some  extend,  as 
generators  of  variability  -  and  that  their  capacities  for  learning  might  be  a  function  of 
their  potentialities  for  variation.  This  hypothesis  is  akin  with  what  is  known  from  the 
study  of  exploratory  activities  and  playing  behaviors  as  well  as  with  quantitative 
analysis  of  foraging  behavior  in  various  species. 

Getting  one  step  further,  we  come  closer  to  situations  classically  described  as 
problem  solving  tasks.  Suppose  there  are  20  different  ways  to  get  the  same, 
successful  result.  Will  a  subject  adopt  one  of  these  ways,  or  use  several  or  all  of  them 
?  Will  the  choice  be  a  different  one  depending  upon  the  species,  the  age,  the  history  of 
the  subject  ?  Can  the  choice  be  modified,  for  instance,  by  increasing  the  pay-off  of 
being  more  variable  or  less  variable  ? 

Experiments  addressing  these  questions  have  been  carried  out ,  after  an  initial 
paradigm  designed  by  Vogel  and  Anau  (1973),  by  B.  Schwartz  (1981,  1985)  in  the 
U  S.  and  by  a  group  of  researchers  in  our  latoratoi7.  We  shall  not  describe  these 
results,  because  this  would  take  us  into  many  technical  questions  and  also  because 
they  would  not,  at  the  time  being,  lead  to  a  general  picture  that  would  make  sense  to  a 
non-specialized  reader.  Suffice  it  to  allude  to  data  related  to  the  last  of  the  questions 
formulated  above,  namely  -  in  slightly  different  terms  -  "is  behavioral  variability  itself 
amenable  to  control  by  consequences,  as  any  other  leamable  behavior  ?  In  other 
words,  can  selection  operate  on  variability  itself  ?". 

Subjects,  animals  and  human,  have  been  submitted  to  an  experimental  condition  in 
which  reward  is  obtained  for  a  pven  "  solution  "  (here  a  sequence  of  responses) 
provided  that  it  differs  from  the  just  prcceeding  solution,  or  from  the  n  preceeding 
solutions.  Producing  a  solution  different  from  the  just  preceeding  one  reveals 
impossible,  or  extremely  difficult  for  pigeons  ;  rats  are  slightly  better  at  that  and 
humans  can  manage  to  produce  "  novelty"  as  defined  by  reference  to  a  larger  set  of 
preceeding  responses.  tIus  might  simply  reflect  differences  in  mnemonic  capacities, 
but  it  is,  at  first  sight,  quite  plausible  to  think  of  behavioral  variability  in  that  context 
as  relat^  to  memory.  (Just  as  a  scientist  has  to  keep  record  of  the  hypotheses  he  has 
already  tested  and  eventually  falsified ). 


The  idea  of  rewarding  an  oiganism  for  variation  has  been  put  to  work  by  Pryor  et 
al.  (1969).  The  authors  undertook  to  train  sea  porpoises  for  producing  bits  of  motor 
behavior  that  were  novel,  i.e.  not  yet  emitted  before  in  the  experimental  sessions. 
Novel  behaviors  were  rewarded  by  fish;  repetitive  behavior  went  unrewarded.  The 
subjects  exhibited  a  wide  range  of  different  activities,  some  of  which  had  been 
commonly  observed  before,  some  of  which  had  not  and  reminded  of  behavior  typical 
of  some  neighbour  species. 

In  a  series  of  experiments  performed  in  our  laboratory  a  few  years  ago,  (Richelle 
and  Botson,  1974)  children  were  trained  to  solve  practical  problems  by  using 
materials  in  unusud  ways,  by  destructuring  and  recombining  objects  and  pieces  of 
objects.  That  training  induced  flexibility  of  behaviors  not  observed  in  control  subjects, 
and  it  transfered  to  somewhat  different  situations  used  as  post-tests. 

Though  unsufficient  to  provide  general  theoretical  framework  for  the  place  of 
variation  in  learning,  these  preliminary  data  and  researches  suffice  to  make  it  clear  that 
behavioral  variability  can  be  looked  at  within  the  framework  of  general  learning  theory 
and  can  indeed  be  induced  by  resorting  to  well-known  leaming/teaching  mechanisms. 
We  need  not  build  distinct,  mutually  exclusive  categories,  one  for  learning  (  and 
teaching  ),  another  one  for  creativity. 

Looking  at  leaming/teaching  in  that  way  of  course  changes  something  important  in 
a  traditional  approach  to  school  education.  Teaching  should  provide  numerous 
opportunities  for  variation.  Teaching  basic  knowledge  that  is  ne^ed  to  build  upon, 
especially  in  science,  should  be  closely  linked  with  training  in  variability  -  call  it,  if 
you  like,  divergent  thinking.  Though  it  docs  not  make  sense  to  cover  again  all  the 
steps  that  led  to  present  knowledge,  it  is  probably  essential  that  the  student  to  whom 
such  knowledge  is  transmitted  gets  trained  to  the  sort  of  process  by  which  errors  were 
eliminated.  If  we  want  to  start  science  learning  early  in  development,  this  cannot  be 
done  at  a  purely  abstract,  symbolic  and  retrospective  level.  It  must,  btterally,  be  acted 
by  the  young  science  pupils. 

This  brings  us  to  another  dimension  of  psychology  in  the  science  classroom.  It  is 
by  no  means  a  new  one.  but  it  needs  to  be  reminded  because  the  Zeitgeist  might  tend 
to  put  it  aside.  We  owe  to  Piaget  the  central  idea  that  knowledge  is  rooted  in  action. 
What  eventually  develops  in  the  more  elaborate  formal  discourse,  such  as  logics  and 
mathematics  or  theoretical  physics,  was  initially  experienced  in  simple  sensory-motor 
coordinations.  Contemporary  cognitive  psycholo^,  emphasizing  the  processes  by 
which  information  is  captured  and  process^,  has  minimized  the  role  of  action  in  the 
construction  of  knowledge.  No  one  would  deny  the  important  and  potential  usefulness 
of  cognitive  psychology  in  education,  but  teachers  should  be  warned  against  the  risk 
of  reinsuting  a  passive  subject  -  possibly  actively  treating  information  but  without 
acting  on  the  world  around  him.  The  active  approach  to  science  education  is  widely 
adopted  by  those  who  design  interactive  science  museums  and  exhibitions. 

The  view  of  learning  that  has  been  eschewed  here  is  perfectly  compatible  with  the 
constructivist  developmental  theory  of  Piaget,  as  well  as  with  most  contempxjrary 
approaches  to  intelligence.  It  is  by  no  means  unconciliable  with  the  current  concerns 
of  cognitive  psychology.  Finally,  it  provides  for  a  general  conception  in  which 
creative  behavior  is  in  continuity  with  other  ,  more  elementary  forms  of  behavioral 


changes.  Such  a  conception  is  in  lines  with  respected  tradition  in  scientific  circles, 
such  as  Popper's  views  on  the  nature  of  scientific  discovery,  that  has  been  mentioned 

above. 

Teachers  which  make  the  effort  to  look  for  inspiration  in  psychology  are  exposed 
to  a  much  le^s  harmonious  picture  .  Learning  psychology,  Piaget's 
developmentalism,  various  brands  of  psychology  of  intelligence,  psychology  of 
creativity,  cognitive  psychology  and  so  on  arc  generally  presented  as  totally 
conflicting  schools  of  thought;  some  of  them  are  said  to  be  completely  outdated, 
supplanted  by  others,  the  survival  of  which  makes  no  doubt  for  their  followers.  This 
state  of  affairs  reflects  the  persistence  in  psychology  of  a  philosophical  not  to  say  an 
ideological  twist,  that  will  hopefully  disappear  as  psychology  ripens  with  age. 

In  the  meantime  it  makes  it  difficult  for  the  well-disposed  teacher  to  make  a  choice, 
and  find  his  way  out.  Eventually,  he  or  she  might  give  up  all  of  psychology,  with  the 
conviction  that  ^ere  is  nothing  to  learn  ftom  such  contradictions. 

It  is  hoped  that  this  brief  discussion  will  encourage  a  more  positive  stand. 
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Enseignement  et  apprentissage  ne  sont  que  les  deux  faces 
d'une  meme  chose.  C’est  la  une  verite  de  bon  sens.  Nul  n'enseigne 
sans  I'intention,  ou  I’espoir.  que  I’eleve  apprenne  Si  Ton  peut 
definir  dans  quelles  conditions  un  organisme  apprend,  il  semble- 
rait  que  Ton  soit  en  mesure  de  preciser  comment  il  faut  enseigner. 
Pourtant,  le  spectacle  des  systemes  scolaires  contemporains,  ou 
I'echec  tient  une  place  inquietante,  ne  parait  pas  confirmer  cette 
etroite  liaison.  ^  premiere  vue  evidente,  entre  apprentissage  et 
enseignement.  Peut-etre  cela  vient-il  de  ce  que  nous  n'avons  nen 
compns  encore  a  I’apprentissage.  et  par  consequent  que  nous 
nous  trouvons  dans  I’impossibilive  d’en  deduire  les  meilleures 
modalites  d'enseignement.  L’enseignant  se  bornerait,  dans  ce  cas, 
k  accomplir  quelque  rituel  au  rapport  tr^s  incertain  avec  les 
conduites  et  les  savoirs  que  I’on  espere  voir  s'installcr  chez  les 
eleves.  Dans  sa  forme  la  plus  extreme,  cette  eventualiie  corres- 
pondrait  k  la  faillite  de  la  psychologic  de  I’apprentissage.  II  se 
pourrait  aussi  que,  notre  savoir  sur  I’apprentissage  n’etant  pas 
negligeable,  on  n'ait  pas  reussi  ^  en  tirer  parti  dans  la  mise  en 
place  des  conduites  d’enseignement  adequates.  pour  des  raisons 
qui  releveraient  de  la  communication  entre  les  domaines,  ou, 
d  une  fagon  plus  classique  et  plus  generale.  de  I'articulation  des 
donnees  de  L  recherche  fondamentale  a  I'application.  Enfin. 
peut-etre  voit-on  tres  bien,  sachant  comment  on  apprend,  com- 
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mcnt  il  faut  enseigner,  mais  s’en  trouve-t-on  empcch^  par  toutcs 
sortes  de  circonstances  itrangeres  au  processus  d’enseignement- 
apprentissage  propremeni  dit,  et  qui  relevent  des  facteurs  socio- 
logiques,  6conomiques  ou  ideoiogiques  auxquels  n’ichappent  pas 
les  entreprises  cducatives. 

Nous  rctrouvons  1^  trois  themes  de  ddbat  assez  courants,  pour 
ne  pas  dire  traditionnels,  dans  ies  milieux  pedagogiques.  trois 
arguments  que  Ton  pourrait  reformuler  de  la  maniere  suivante  : 

1.  Les  sciences  psychologiques,  et  en  paniculier  la  psychologic 
de  I’apprentissage,  n’offrent  rien  qui  soit  de  nature  a  eclairer 
I'enseignant  sur  ce  qu'il  a  h  faire.  Elies  sont  vides,  ou  hors  de 
prof:os. 

2  En  depit  d’une  convergence  apparente  des  problemes  rencon¬ 
tres  et  des  connaissances  solides,  en  principe  utilisables.  de  la 
psychologic,  psychologic  et  pedagogic  n'ont  toujours  pas  reussi 
a  operer  leur  jonction. 

3.  La  jonction  s'est  faite,  au  niveau  theorique.  mais  son  actuali- 
sation  est  tenue  en  echec  pour  des  raisons  auxquelles  ni  la 
psychologic  ni  la  pedagogic  ne  peuvent  rien;  il  est  utopique 
et  vain  de  concevoir  I’enseignement  comme  un  domaine  d'ap- 
plication  de  la  psychologic  de  I’apprentissage. 

Sans  doute  aucune  de  ces  trois  propositions  ne  decrit-elle  a 
elle  seule  la  realite  On  y  trouve  plutot  un  peu  des  trois  en  des 
proponions  variables,  de  telle  sorte  qu'il  serait  plus  nuance  de 
dire  :  les  apports,  encore  tres  fragmentaires,  de  la  psychologic 
sont  partiellement  integres  par  les  enseignants  qui  malheureuse- 
ment  ne  peuvent  pas  toujours  en  lirer  tout  le  profit  qu'ils  vou- 
draient  parce  que  des  facteurs  exterieurs  interferent  avec  leur 
action. 

Il  n'est  cependant  pas  sans  interet  de  partir  de  propositions 
distinctes,  malgre  leur  aspect  caricatural,  d’une  part  parce  que 
cela  nous  aidera  a  mettre  de  I’ordre  dans  notre  reflexion,  d’autre 
part  parce  que  les  discours  sur  I'enseignement  se  presentent 
encore  tres  frequemment  sous  cette  forme. 

1.  FALT-IL  EVACUER  LA  PSYCHOLOGIE 
DE  L’APPRENTISSAGE  ? 

La  psychologic,  et  plus  paniculi^remeni  la  psychologic  de 
I'apprentissage,  s’est-elle  fourvoyee,  ou  n'a-t-elle  elabore  a  partir 
de  donndes  empinques  artificielles  que  des  modeles  thdonques 
inutilisables  dans  le  champ  educatif  ?  Si  e'est  le  cas,  il  serait  non 
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seulement  vain  de  vouloir  les  y  faire  entrer,  mais  cc  pourrait  etre 
nefaste.  L’argument  revient  souvcnt,  qui  veut  que  la  psychologic 
etant  k  cote  de  la  question,  ou  etant  trop  peu  d^veloppee,  toute 
tentative  pour  s’en  servir  de  guide  dans  I’enseignement  ne  peut 
mener  qu'^  la  catastrophe,  et  qu’il  vaut  mieux  s’en  tenir  a  une 
pratique  intuitive  ancree  dans  une  tradition  anisanale  qui  aurait 
kit  ses  preuves.  En  poussant  ^  peine  Targument,  on  mettra  au 
compte  de  la  psychologic  les  difficultds  que  connait  aujourd'hui 
I'enseignement.  Pour  irritante  que  soit  cette  mise  en  cause  pour 
le  psychologue,  elle  ne  le  dispense  pas  de  s’interroger  sur  ce  qui 
pourrait  la  fonder. 

Les  psychologies  de  I'apprentissage  se  sont  longtemps  develop- 
pees  dans  le  cadre  du  behaviorisme  au  depart  de  recherches  expe- 
nmentales  sur  I'animal.  L’extension  a  I’espece  humaine.  et  plus 
particulierement  au  contexte  educationnel,  des  lois  degagees  de 
['experimentation  animale  a  suscite  des  protestations.  «  Sommes- 
nous  des  rats  ?  »  a-t-on  replique  k  Skinner,  qui  avait  pousse  plus 
loin  qu'aucun  de  ses  predecesseurs  les  extrapolations  du  labora- 
toire  a  la  vie  de  la  classe  ou  de  la  societe.  Ceux,  nombreu.G  que 
genait  une  analyse  qu'ils  tenaient  pour  reductionniste.  se  sont 
trouves  confortes  dans  leur  reaction  par  revolution  des  idees  en 
psychologie.  Au  moment  meme  oii  s'affinaient  les  transpositions 
de  I'analyse  experimentale  du  comportement  aux  situations  prati¬ 
ques  de  ['education,  le  courant  cognitiviste  prenait  le  devant  de 
la  scene.  Les  origines  et  les  ramifications  du  cognitivisme  contem- 
porain  depassent  largement  noire  propos  (Gardner,  1985). 

Nous  importe  seulement  ici  la  rupture  categorique  proclamee 
par  certaines  de  ses  variantes  par  rapport  a  la  tradition  behavio- 
riste.  Celle-ci  n'apparait  pas  comme  une  eiape  de  revolution  des 
sciences  psychologiqucs,  itape  normalcment  depassable,  et  peut- 
etre  depassee  ;  elle  est  presentee  comme  un  veritable  fourvoie- 
ment,  voire  une  erreur  6pistemologique  capitale  sur  I'objet  meme 
de  la  psychologie,  le  comportement  ayant  usurps,  en  quelque 
sorte,  la  place  de  la  vie  mentale  ou  de  I’esprit  tout  au  long  de  ce 
que  Bunge  appelait  la  «  longue  et  ennuyeusc  nuit  du  behavio- 
nsme  »  (Bunge,  1981).  S’intdressant  de  preference  k  des  m^canis- 
mes  reputes  supeneurs  —  de  la  memcire,  du  raisonnement,  de 
(■attention,  de  la  formation  de  concepts,  etc.  —  le  cognitivisme 
se  presente  d'embl^e  comme  un  substitut  doublemcnt  acceptable 
^  la  psychologie  de  I'apprentissage  discreditee  :  il  s’occupe  de 
I’organisme  humain  (meme  s'il  existe  un  important  courant  de 
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psychologic  cognitive  animale  (Griffin.  1981,  1985]  et  si,  par  ail- 
leurs,  des  theories  cognitives  de  I’apprentissage  animal  ont  6te 
proposees  [Dickinson,  1980])  et  il  s  attaque  ^  un  niveau  plus 
proche  de  celui  qui  concerne  I'dducation  scolaire  que  ne  I'etaient 
les  parcours  de  labyrinthes  ou  les  picorages  orientes  des  pigeons 
skinneriens.  Certes,  nombre  de  recherches  experimentales, 
menees  dans  le  cadre  du  cognitivisme,  portent  sur  des  phenome- 
nes  d'apprentissage  et,  k  ce  titre,  prolongent  les  acquisitions  de 
la  psychologic  de  I’apprentissage  traditionnelle.  Mais  les  formula¬ 
tions  nouvelles  qui  s'en  degagent,  comparees  a  ces  dernieres. 
deplacent  singulierement  I'accent  de  I'lnteraction  observable  du 
sujet  avec  le  milieu  dans  lequel  s'organisent  les  conduites  qu'il 
acquiert.  vers  I'elaboration  interne  d'objets  mentaux  divers,  ela¬ 
boration  dont  on  concede  volontiers  au  sujet  I'initiative. 

Pour  les  pedagogues  globalement  reticents  a  s’alimenter  aux 
savoirs  psychologiques.  le  destin  recent  des  psychologies  de  1‘ap- 
prentissage  (du  moins  tel  que  le  represente  une  version  radicale 
du  cognitivisme)  offre  une  confirmation  inesperee  de  leurs  posi¬ 
tions.  Ils  ne  peuvent  que  se  rejouir  de  s’etre  epargnes  tout  effort 
d'assimilation  de  ces  domaines  que  Ton  vient  aujourd'hui.  au  sein 
des  sciences  psychologiques  elies-memes.  a  recuser  si  brutale- 
ment.  L'experience  les  confortera  dans  leurs  positions,  et  ils  atten- 
dront  dans  la  meme  humeur  la  fin  inevitable  du  cognitivisme. 
Ouant  a  ceux  qui  limitaient  leurs  reticences  aux  psychologies  de 
l  apprentissage  traditionnelles.  ils  accueilleront  au  contraire  les 
nouveaux  courants  avec  faveur. 

Si  nous  nous  sommes  quelque  peu  ctendu  sur  cet  exemple. 
c'est  qu'il  illustre  bien  un  probleme  constant  dans  les  relations 
cntre  psychologic  et  pedagogic.  La  psychologic  evolue.  nous  sem- 
ble-t-il,  a  deux  niveaux.  Le  premier,  et  c'est  celui  qui  compte 
pour  le  developpement  scientifique,  est  celui  de  I'accumulation 
de  connaissances,  souvent  limit^es  et  ponctuclles,  mais  derivees 
de  donnees  empiriques  valides;  connaissances  qui  sont  exposees 
a  s'inscrire  dans  des  modules  cxplicatifs  differents  avec  les  progres 
de  la  recherche,  dont  les  insuffisances  et  les  eireurs  constituent 
le  ferment  meme  d'un  depassement  pcrpetuel  qui  integre  pourtant 
une  part  de  ce  qui  le  precede.  C'est  la  la  demarche  classique.  et 
distinctive,  de  la  science.  A  un  second  niveau,  le  discours  theori- 
que  demeure.  en  psychologic,  marque  de  confrontations  vehe- 
mentes,  de  ruptures  tapageuses.  d’excommunications  sans  nuance 
—  affaire  de  style,  de  lutte  de  territoire,  de  disproportion  entre 
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le  champ  du  savoir  verifid  et  celui  du  savoir  speculatif.  etc.  Pour 
qui  se  situe  ^  rintcrieur  de  la  discipline  et  prend  un  peu  de  recul, 
il  n’est  pas  difficile  de  faire  la  part  des  choses  et  de  s’accommoder 
avec  amusement  de  ce  qui  se  passe  au  second  niveau,  pour  autant 
que  quelque  chose  continue  de  se  passer  au  premier.  Pour  le 
pedagogue  qui  les  per^oit  de  I’exterieur,  les  remous  du  second 
niveau  prennent  plus  d’importance;  il  s'y  fie  dans  les  choix  qu'il 
fait  de  son  alimentation  psychologique,  et  risque  ainsi  d'aligner 
son  action  pedagogique  sur  les  idees  les  plus  k  la  mode  (mais  qui 
passeront)  et  les  plus  extremes  (et  par  1^,  les  plus  nefastes  dans 
I’action  si  elles  se  revelent  un  jour  erronees). 

La  desaffection  pour  les  apports  de  la  psychologie  de  I'appren- 
tissage  qu'a  reussi  a  provoquer  un  certain  discours  cognitiviste 
ressortissant  au  second  niveau  doit,  a  cet  egard,  inquieter.  L’ap- 
proche  behavionste  avait  contribue  a  defendre.  en  pedagogic,  un 
certain  nombre  d’exigences  de  nature  a  renouveler  la  recherche 
et  a  enrichir  la  pratique.  Ainsi  de  la  definition  prealable  des 
comportements  que  Ton  se  donne  pour  but  d’installer  —  qui 
sous-tend  en  pedagogic  la  definition  des  objectifs  — :  avec  son 
corollaire  :  la  definition,  en  termes  de  comportement.  de  perfor¬ 
mances  objectivables  et  non  de  competences  inferees.  Ainsi 
encore  de  I’attention  systematique  aux  componements  de  I’orga- 
nisme  qui  apprend  en  cours  d'apprentissage  (oppose  a  la  seule 
prise  en  compte  d'un  etat  initial  et  d'un  etat  final) ;  de  rimportance 
reconnue  aux  consequences  du  comportement  dans  la  mise  en 
place  des  apprentissages  (que  Ton  trouve  implicitement  a  la  base 
des  recherches  sur  I'enseignant  comme  source  de  feedback  et 
renforcements  de  natures  diverses).  Ainsi  encore  de  la  fragmen¬ 
tation  raisonnee  des  conduites  complexes  a  construire  en  fonction 
d’une  logique  des  apprentissages  du  sujet  plutot  que  d'une  logique 
de  la  matiere  (demarche  qui  avait  guide  Skinner  dans  ses  travaux 
de  pionnier  sur  I’apprentissage  programme,  et  toujours  presente, 
en  son  principe.  dans  les  recherches  actuelles  sur  I'enseignement 
assiste  par  ordinateur). 

Tous  ces  efforts  rigoureux  pour  decrire  les  comportements 
reels  de  I’eleve,  pour  decrire  de  meme  ceux  de  I’enseignant.  pour 
caracteriser  leurs  interactions,  pour  cerner  le  reseau  reciproque 
de  consequences  positives  et  negatives,  pour  ^valuer,  par  refe¬ 
rence  a  des  objectifs  precis,  I'etat  final  atteint.  sa  stabilite  dans 
le  temps,  sa  «  generalisabilite  »,  etc.,  tous  ces  effons  auxquels, 
rappelons-le  au  passage,  Gilbert  De  Landsheere  et  ses  eleves  ont 
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brillamment  et  obstinement  contribu^ ,  i!  serait  absurde  d’y  renoncer, 
d’cn  oublier  Ic  fruit  parce  qu’un  autre  isme  a  vu  le  jour.  Que  le 
cognitivisme  ait,  de  son  c6t6,  des  apports  a  faire  i  la  pedagogic, 
cela  est  hors  de  doute.  Mais  il  n’y  a  pas  lieu,  pour  autant,  de  se 
debarrasser  de  tout  ce  que  plus  d’un  demi-siecle  de  psychologic  de 
I’apprentissage,  de  Thorndike  k  Skinner,  avait  apporte  a  I’fducation. 
La  raison  de  cene  tentation,  il  faut  y  etre  attentif,  tient  a  ce  que, 
sous  le  convert  du  cognitivisme.  retour  pcut  etre  fait  vers  une  confor- 
table  rehabilitation  de  I'esprit  avec  son  double  avantage  pour  le 
pedagogue  :  le  mentalisme,  qui  le  dispense  d’analyser  les  conduites 
pour  invoquer  des  explications  internes,  et  la  restitution  a  leleve 
de  la  responsabilite  de  son  apprentissage  —  non  au  sens  oii  le  sujet 
de  Skinner  apprend  en  fonaion  des  consequences  de  ses  actes.  mais 
oil  I'apprentissage  depend  d’une  Elaboration  interne  par  les  mecanis- 
mes  du  traitement  de  I’information  que  I'enseignant  peut  foumir  en 
noumture.  en  input,  mais  qu'il  ne  pieut  vTaiment  controler. 

Dans  ce  contexte,  on  ne  peut  manquer  d'etre  frappe  de  voir 
resurgir.  dans  le  langage  beaucoup  plus  sophistique  du  cogniti¬ 
visme,  les  vieux  debats  sur  Tunite  ou  la  fragmentation  de  I'espnt. 
qui  opposent  les  partisans  du  general  problem  solver  (Newell  et 
Simon,  1972)  a  ceux  de  la  «  modulante  »  (Fodor,  1983)  comme 
on  se  querellait  jadis  sur  le  facteur  g  et  comme  on  n'a  jamais 
totalement  cesse  de  se  quereller.  dans  les  ecoles,  sur  les  vertus 
formatnces  du  latm  ou,  plus  recemment,  des  mathematiques. 

En  bref,  il  ne  s'agit  pas  de  nier  I'interet  des  travaux  du  cogni¬ 
tivisme  actuel.  IIs  constituent  sans  doute  pour  les  pedagogues  une 
source  d'informations  exploitable,  et  rien  n’exclut  qu'ils  aboutis- 
sent  a  I'elucidation  des  mecanismes  du  fonctionnement  mental, 
peut-etre  moins  rapidement  que  ne  le  proclament  ceux  qui  s'y 
sont  engages,  Que  nous  soyons  desormais  h  un  niveau  de  profon- 
deur  d'analyse  inegale  ne  justifie  pas  que  Ton  evacue  les  acquis 
anterieurs  dont.  jusqu’^  nouvel  ordre,  la  portee  pratique  demeure 
decisive,  Les  medecins  n'ont  pas,  dans  leur  enthousiasme  pour  la 
biologie  moleculaire,  renonce  k  sc  laver  soigneusement  les  mains 
avant  une  operation.  Nous  suggErons  que  les  pedagogues  ne 
renoncent  pas  a  analyser  les  comportemcnts  des  Eleves  et  des 
enseignants  en  tcrmes  de  relation  entre  conduites  et  consEquen- 
ces.  de  stimulus  discnminatifs,  d'evEnements  positifs  et  aversifs. 
de  renforcements,  etc,  meme  si  un  discours  plus  EsotErique  se 
rEvele  aujourd'hui  plus  adapte  a  certains  aspects  de  ce  qui  se 
passe  dans  la  tete  des  ElEves  et  des  maitres. 
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Que  le  courant  cognitivistc  n’ait  pas,  jusqu’ici,  propose  de  concep¬ 
tion  Claire  des  apprentissages  peut  donner  lieu  ^  ddbat  entre 
spdcialistes.  Ce  qui,  d’un  point  de  vue  pratique,  apparait  evident, 
c’est  le  clivage  tr^s  marqud  entre  la  sphere  strictement  cognitive, 
nettement  privilegi^e,  et  les  autres  domaines  du  fonctionnement 
psychologique,  auxquels  renvoient,  en  gros,  les  termes  affectif  tX 
motivationnel  (Le  Ny,  1982  ;  Richelle,  1987).  Alors  que  la  realite 
dducationnelle,  comme  la  rdalite  ciinique,  font  k  tout  moment 
apparaitre  leur  interdependance,  leur  indissociabilite,  la  perspec¬ 
tive  cognitive  consacre  implicitement  et  explicitement  la  dissoaa- 
tion.  On  retrouve  ici  une-nouvelle  juxtaposition  des  approches 
qui  tout  au  long  de  I’histoire  des  rapports  entre  psychologie  et 
pedagogie  a  rendu  difficile  I’integration  par  des  pedagogues  des 
apports  de  la  psychologie. 


2.  APPRENTISSAGE  ET  DEVELOPPEMENT 


Sous  en  venons  ainsi  a  la  seconde  des  trois  propositions  dont 
nous  sommes  parti  et  nous  nous  arretons  un  instant  aux  raisons 
qut  font  obstacle  a  la  mise  a  profit  des  savoirs  psychologiques  en 
pedagogie.  Les  branches  de  la  psychologie  que  leur  objet  designe 
le  plus  naturellement  comme  les  references  obligees  pour  I'ensei- 
gnement  sont  la  psychologic  de  I’apprentissage  d’une  part,  la 
psychologie  du  developpement  de  I’autre.  L’une  comme  I’autre 
se  presentent  comme  des  domaines  anciens,  tres  developpes, 
nches  aussi  bien  de  donnees  empinques  que  de  modeles  theori- 
ques  de  la  psychologie  scientifique.  L’une  comme  I’autre  affirment 
depuis  leurs  origines  leur  utilite  potentielle  dans  I'education. 
Neanmoins,  pour  le  grand  desarroi  des  educateurs.  elles  ont  che- 
mine  sur  des  voies  paralldles  et  n’ont  pas,  jusqu'ici,  veritablement 
reussi  4  se  rejoindre.  Les  raisons  sans  doute  en  sont  historiques. 
La  psychologie  de  I’apprentissage,  n6e  aux  Etats-Unis,  a  fourni 
pendant  plus  d’un  demi-sidcle  ses  assises  au  behaviorisme  ;  elle 
a  privilegic  la  recherche  sur  I’animal,  par  commodity  technique 
plus  que  par  preoccupation  comparative,  avec  I’ambition  ou  la 
pretention  constante  d’elaborer  une  psychologie  genirale  de  I’ap- 
prentissage.  La  psychologie  du  developpement  a  des  racines  essen- 
tiellement  europeennes,  a  constitue  ses  savoirs  empinques  ^  panir 
de  recherches  sur  i'enfant  humain,  et  malgre  la  diversite  des  theo¬ 
ries  qui  ont  vu  le  jour,  est  demcuree  dominee  par  des  conceptions 
theonques  qui  voicnt  dans  I’ontogenese  le  deroulement  d’un  pro- 
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gramme  epigenetique  se  traduisant  par  un  enchainement  dc  stades 
(R\chelle.  1982). 

Paradoxalement,  la  problematique  epigenetique  n’a  guere 
imeresse  les  psychologues  de  I’apprentissage,  non  plus  que  les 
psychologues  du  developpement  ne  se  sont  interesses  aux  meca- 
nismes  d'apprentissage.  L’ignorance  mutuelle  ou  se  sont  tenus 
Piaget  et  Skinner  offre  de  cet  etai  de  choses  1‘illustration  la  plus 
surprenante  pour  quiconque  s'interroge  sur  I'unite  de  la  psycho- 
logie  (Richelle,  1976).  Mais  on  en  trouverait  de  multiples  indices 
a  des  niveaux  moms  prestigieux.  Ainsi.  sur  un  quan  de  siecle  de 
publications,  une  revue  specialisee  dans  la  perspective  skinne- 
nenne  ne  comporte  aucun  article  centralement  ou  margmalement 
consacre  a  I'aspect  d^veioppemental.  En  depit  de  certains  rappro¬ 
chements  amorces  depuis  une  douzame  d'annees.  il  n'cxisie  pas 
de  theone  veritablement  integree  du  developpement  et  de  I'ap- 
prentissage  (ce  qui  s’en  rapproche  le  plus  se  situe  dans  le  champ 
tres  specialise  de  I'ontogenese  animale)  Or.  on  pourrait  penser 
que  la  phase  de  croissance  oil  sc  realisent  tant  d'acquisitions 
comportementales  nouvelles  doit  attirer  I'attention  des  specialistes 
de  I'apprentissage.  comme  les  mecanismes  d'apprentissage 
devraient  presenter  un  interet  pour  les  specialistes  du  developpe¬ 
ment  Quelles  que  soient  les  justifications  que  le  psychologue  veut 
se  donner  pour  les  tenir  separes.  apprentissage  et  developpement 
s'lmposent  simultanement  et  conjointement  a  I'enseignant.  La 
realite  educationnelle  ne  souffre  pas  qu'on  les  dissocie  Que  peut 
I'educateur  qui  reqoit  deux  messages  distincts.  et  souvent  d'ail- 
leurs  contradictoires,  sinon  ouvenemeni  hostiles  Tun  a  I'autre 
II  n'est  pas  raisonnable  de  lui  demander  d’entreprcndre  les  synthe¬ 
ses  que  les  psychologues  n'ont  pas  dte  capables  de  lui  offnr.  II 
peut  neanmoins  jouer  un  role  important  pour  acculer  ces  demiers 
a  s'en  preoccuper  serieuscment. 

S'lls  ont  pu  s'en  desinteresscr  si  superbcment.  c'est  sans  doute 
faute  de  s'etre  laisses  interroger,  cntre  autrcs.  par  la  realite  sco- 
laire.  Le  projet  de  la  psychologic  developpemcntale,  plus  particu- 
licrement  dans  la  ligne  d'un  Piaget,  a  6te  de  d6cnrc  et  dc  compren- 
dre  I'histoire  naturelle  du  developpement,  non  de  procurer  a 
r^cole  des  prescriptions  didactiques,  si  ce  n’est  par  la  repetition 
de  la  regie  generale  selon  laquellc  il  n’est  jamais  inutile  de  bien 
connaitre  le  niveau  de  i'cl^vc  pour  lui  prodigucr  un  enseignement 
adepte.  Dans  la  perspective  piagetienne  classique.  I’ecole  ne  peut 
guere  jouer  d'autre  role  que  de  fournir  des  contenus  a  des  capa- 
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cites  operatoires  qui  se  deveJoppent  de  toute  faijon  fort  bien  sans 
elle,  SI  Ton  en  juge  par  I'univcrsalitd  des  etapes  du  developpement 
cognitif.  Les  differences  massives  du  contexte  culturel  peuvent 
eventuellement  entrainer  des  decalages  chronologiques,  non  des 
bouleversements  sequentiels,  mais  li  ne  faut  pas  attacher  trop 
d'imponance  aux  variations  somme  toute  mineures  que  pour- 
raient  entrainer  le  milieu  particulier  au  sein  d’une  culture  donnee, 
et  par  consequent.  les  particularites  de  I’enseignement.  On  sail 
le  temps  qu'il  a  fallu  avant  que  s’imposent  4  quelques  chercheurs 
piageiiens,  bien  apres  les  rares  etudes  inter-cultureiles,  les  recher- 
ches  comparatives  en  milieux  socio-economiques  vanes.  Quant 
aux  recherches  sur  les  facteurs  lies  aux  modalites  d  intervention 
de  I'enseignant,  elles  sont  encore  rares  (Crahay.  1984).  Dans  la 
perspective  de  la  formation  des  enseignants  et  de  I'exploitation 
qu'ils  peuvent  apprendre  a  faire  de  toutes  les  richesses  de  la 
psychologic  developpementale,  elles  presentent  en  pnncipe  un 
interet  considerable.  Mais  elles  ne  tireront  toute  leur  portee  que 
d'une  fusion  avec  les  etudes  qui  prolongent  par  ailleurs  les  proble- 
matiques  de  la  psychologic  de  1'  apprentissage.  Nous  y  reviendrons 
done  apres  avoir  formule  quelques  remarques  sur  ces  dernieres. 

3.  ELOGE  DE  LA  VARIABILITE 


Si  la  psychologic  developpementale  a  pu  faire  peu  de  cas  de 
la  fonction  deliberement  «  insiructrice  >>  de  I’enseignant  -  un  peu 
comme  I'ethologiste  prete  peu  d’attention  aux  performances  des 
animaux  obtenues  par  domestication  et  dressage  -  la  psychologie 
de  I’apprentissage  devrait,  quant  a  elle.  deboucher  immanquable- 
ment  sur  des  caracterisations  claires  des  conduites  souhaitees  chez 
le  bon  enseignant.  Or  cela  n'a  generalement  pas  ete  le  cas  Et 
pour  comprendre  pourquoi.  il  nous  faut  a  nouveau  faire  ici  un 
retour  en  arriere  dans  i'hisfoire  de  la  psychologic.  Outre  qu'ils 
prirent  souvent  le  parti  de  travailler  sur  I'animal.  les  speciaiistes 
de  I'apprentissage,  en  bons  experimentatcurs  qu’ils  etaient.  se 
sont  attaches  ^  analyser  les  acquisitions  dans  des  situations  rigou- 
reusement  controlees.  Cela  veut  dire  que  les  variables  indepen- 
dantes  dont  ils  ont  cherche  ^  cerner  I’effet  sur  I'acquisition  ont 
ete  choisies  pour  permettre  ou  faciliter  leur  controle.  A  cet  egard. 
il  va  de  soi  que  des  variables  purement  physiques  sont  preferables 
k  des  variables  sociales  ;  il  est  aise  de  leur  donner  des  valeurs 
constantes.  ou  de  les  manipuler  sans  laisser  la  moindre  marge  de 
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fluctuation.  La  structure  d’un  labyrinthe,  la  nature  et  I’intensitd 
de  stimuli  dischminatifs  intervenant  dans  un  conditionnement,  la 
force  exigee  par  le  levier  r^ponse,  les  paramdtres  ddfinissant  un 
programme  de  renforcement,  sent  plus  nets  et  plus  rassurants  que 
les  caracteristiques  fluctuantes  d’un  partenaire  social.  C’est  la 
raison  pour  laquelle  les  recherches  sur  I'apprentissage  vicariant 
ou  imitatif  et  sur  la  facilitation  sociale  de  I'apprentissage  chez 
I’animal  sont  demeurees  marginales  et  se  rdvelent,  encore 
aujourd'hui,  pleines  de  pieges.  Le  pedagogue  qui  jette  son  regard 
sur  la  psychologie  de  I'apprentissage  n’y  trouvera  done  pas  grand- 
chose  sur  les  conduites  de  I’enseignant,  qui  representent  pourtant 
une  ponion  imponante  des  conditions  qui  president  aux  appren- 
tibsages  scolaires.  II  a  fallu  attendre  les  theories  de  I’apprentissage 
social  (Bandura.  1976)  pour  que  soil  prise  en  compte,  avec  I'lm- 
ponance  qui  convient,  la  pan  que  tiennent  les  panenaires  sociaux. 

Encore  a-t-on  souvent  ambitionne  de  transposer  sur  I’ensei- 
gnant  I'lnvariance  des  facteurs  physiques  analyses  en  laboratoire. 
Cette  invanance  paraissait  simplement  dictee  par  les  exigences 
expenmentales.  En  realite,  elle  ressortissait  plus  profondement 
au  pani-pns  de  mettre  i’accent,  dans  I’etude  de  I’apprentissage. 
sur  les  regularites  les  plus  immediatement  dcfinissables.  C’est  ce 
que  traduisaient  bien  les  premieres  tentatives  d’enseignement  pro¬ 
gramme  proposees  par  Skinner.  La  machine  ^  enseigner  etait 
destinee.  entre  autres,  a  pallier  par  sa  Constance  de  fonctionne- 
ment  les  vanations  et  rimprevisibilite  inherentes  aux  comporte- 
ments  des  maitres.  Les  conduites  des  eleves.  de  leur  c6i6.  devaient 
s’y  construire  en  correspondance  etroite  avec  la  ngueur  du  pro¬ 
gramme.  ^  la  limite  sans  eneurs  (Richelle,  1966).  II  y  avail  la 
une  replique  fidele  de  Tassimilation  qui  fut  faite  si  frequemment 
entre  apprentissage/conditionnement  d’une  pan,  ster6otypie/rigi- 
dite  des  conduites  d’autre  part.  II  ne  faut  pas  s’etonner  qu’elle 
ait  souleve.  il  y  a  une  trentaine  d’annees.  une  opposition  quasi 
unanime  dans  les  milieux  scolaires.  L’idee  de  la  machine  a  ensei¬ 
gner  aurait  probablement  rejoint  le  mus6e  des  petites  inventions 
cuneuses  si  ne  I’avait  relancce.  presque  aussitot.  et  a  un  autre 
echelon  d  efficacit6,  I’entr^e  en  sc^ne  de  I’ordinateur.  Derriere 
le  refus  de  «  conditionner  »  les  616ves,  si  souvent  et  ouvertement 
proclam^,  et  la  reticence,  fort  comprehensible,  4  remplacer  le 
maitre.  il  y  avail,  moms  explicite,  une  autre  reaction  de  la  part 
des  enseignants  :  cette  machine,  qui  se  substituait  a  eux.  faisait, 
pretendait-on.  mieux  qu'cux,  dans  sa  programmation  uniforme  . 
c'esi  done  qu'ils  ne  faisaient  pas  bien.  que  s’ils  devaient  s’amen- 


27 


APPRENTISSAGE  et  enseignement 


der,  ce  devait  etre  en  ressemblant  aux  machines,  done  en  se 
conduisant  comme  elles  de  faqon  plus  uniforme.  Ce  qui  dtait  en 
peril,  e'etait  la  diversity,  la  variation  -  d’un  moment  ^  I’autre 
chez  un  meme  maitre,  d’un  maitre  i  I’autre  -  bref,  tout  ce  qui 
fait,  aux  yeux  d’une  tradition  qui  se  nomme  volontiers  humaniste, 
I’irreductible  individualite.  Le  meme  motif  rend  compte  de  la 
resistance  aux  recherches  ob'ectives  sur  les  comportements  de 
I’enseignant  en  classe  :  si  Ton  entreprend  de  les  observer,  puis 
de  les  decrire,  e'est  avec  I’arriere-pensee  de  les  changer,  et  sans 
doute  dans  le  sens  d’un  alignement  sur  un  module  homogene 
(tableau  qui  se  complique  encore  lorsque  la  recherche  devoile, 
en  place  de  la  richesse  creatrice  que  Ton  pretend  preserver,  une 
pauvret^  de  moyens  dont  la  repetition  stereotypee  n’a  meme  pas 
I'excuse  de  I’efficacite). 

Le  probleme  doit  etre  repose,  aujourd’hui,  en  termes  nou- 
veaux,  qui  presentent  le  double  interet  de  faire  droit  ^  I’lntuition 
des  defenseurs  de  la  diversite  et  de  dedramatiser  la  mise  en  ques¬ 
tion.  toujours  difficile,  de  I’enseignant.  Nous  reviendrons  dans  un 
moment  aux  conduites  de  ce  dernier,  mais  il  nous  faut.  aupara- 
vant.  pour  situer  le  probleme  dans  sa  perspective  theorique  gene- 
rale,  nous  tourner  vers  le  sujet  qui  apprend. 

L'apprentissage  correspond  a  la  mise  en  place  de  conduites 
dont  les  consequences  se  revelent  positives  (utiles,  «  adaptati- 
ves  »)  pour  le  sujet.  Contrairement  i  une  conception  empiriste  a 
laquelle  on  assimile  souvent  a  ton  la  psychologic  de  I’apprentissa- 
ge,  le  milieu  n’est  pas  createur  ou  producteur  de  conduites  :  il 
fournit  le  contexte  dans  lequel  elles  apparaissent,  et  les  conditions 
qui  operent  le  tri,  la  selection.  Pour  que  ce  tri  ait  lieu,  il  faut 
qu'il  y  ait  quelque  chose  4  trier.  Tout  apprentissage  presuppose 
done  des  variations.  Le  modele  le  plus  suggestif  pour  rendre 
compte  des  apprentissages  individuels  est  ainsi  un  modele  analo- 
gique  qui  nous  renvoie  au  type  de  mecanisme  ^  I’oEuvre  dans  revo¬ 
lution  biologique,  ou  Taction  selective  du  milieu  s'exerce  sur  les 
vanations  qu’offre  le  materiau  genetique  a  Techelle  des  populations. 
L’analyse  des  caracteristiques  du  milieu  susceptibles  d’operer  le 
tri  devrait  done  se  compI6ter,  ou  mieux  devrait  etre  precedee, 
d’une  analyse  des  variations  et  de  leurs  sources.  Or  cette  demiere 
a  ete  presque  compldtement  negligee  par  les  specialistes  de  Tap- 
prentissage.  Les  raisons  de  cette  negligence  sont  multiples,  et  leur 
examen  nous  entrainerait  dans  des  details  d’histoire  de  la  disci¬ 
pline  qui  n’ont  pas  leur  place  ici.  Qu’il  suffise  d’dvoquer  les  pro- 
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gres  des  techniques  de  laboratoire,  qui  favorisirent  I’^tude  syste- 
matique  des  effets  sur  le  comportement  de  conditions  de  milieu 
complexes  et  rigoureuscment  d^finies;  la  tendance  toujours  pre¬ 
sente  en  psychologie  a  ^tablir  d'abord  la  solidite  scientifique  1^ 
oil  il  est  le  plus  commode  d’en  faire  la  demonstration,  face  k  la 
difficulte  pratique  et  theorique  de  traiter  des  variations  pour  elles- 
memes  II  ne  faut  pas  minimiser  cette  demiere  difficulte.  Les 
vanations,  qu’elles  soient  intra-individuelles  ou  inter-individuel- 
les,  ont  generalement  ete  envisagees  par  la  psychologie  scientifi 
que  comme  sous-prnduit  de  Timperfection  des  conditions  de 
recherche,  qu’il  convient  soit  d’eiiminer,  par  des  controles  tou¬ 
jours  plus  rigoureux.  soit  de  neutraliser,  par  la  multiplication  des 
mesures  (avec  I'espoir  que  si  les  variations  surviennent  aieatoire- 
ment  en  sens  divers,  elles  s'annuleront  reciproquement,  la  valeur 
centrale  pouvant  etre  retenue  comme  temoignant  du  phenomene 
etudie)  li  n'est  guere.  pour  avoir  pris  les  variations  pour  consti- 
tutives  du  reel  et  objet  specifique  d’etude,  que  la  psychologie 
differentielle  (pour  ce  qui  est  des  variations  inter-individuelles) 
et.  pour  ce  qui  concerne  les  variations  intra-individuelles,  la  psy¬ 
chologic  developpementale  «  cycle  de  vie  >*  (life  span)  recente. 

L'etude  des  vanations  intra-individuelles  demeure  marginale 
et  timide  dans  les  secteurs  specialises  de  la  psychologie  de  I’ap- 
prentissage  ou  il  semblerait  qu'elle  doive  tenir  la  premiere  place. 
Quelques  chercheurs  isoleS  y  ont  pone  attention  au  cours  des 
quelque  trente  dernieres  annees  et  quelques  rares  equipes  se  sont. 
plus  recemment,  attelees  a  la  tache.  Tache  rendue  possible,  sur 
le  plan  technique,  par  revolution  des  outils  de  controle  en  temps 
reel  des  situations  experimentales,  d'enregistrement  et  de  traite- 
ment  des  donnees  (le  micro-ordinateur  permet  d’aborder  concre- 
tement  des  problemes  que  les  dispositifs  automatisms  de  la  gene¬ 
ration  precedente  ne  pouvaient  maitriser).  Tache  encouragee,  par 
ailleurs,  au  plan  theorique,  par  la  convergence  de  formulations, 
dans  des  disciplines  tres  diverses,  de  la  g^netique  (oii  la  nature 
des  mutations  constitue  une  cible  de  recherche  centrale)  a  la 
neurologie  (que  Ton  songe  k  la  theorie  de  la  stabilisation  selective 
d'un  Changeux)  et  jusqu'S  la  physico-chimie  (voir  les  conceptions 
propagees,  avec  la  fecondite  que  Ton  sait,  par  Prigogine). 

Pour  nous  en  tenir,  plus  modestement,  au  domaine  de  la 
psychologie  et  ^  des  champs  voisins  de  la  psychologie  de  I'appren- 
tissage.  on  ne  peut  manquer  de  signaler  la  parente  de  problema- 
tiques  entre  une  psychologie  de  I'apprentissage  qui  fasse  une  place 
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de  choix  au  theme  des  variations  comportementales  et  diverses 
autres  approches.  Signalons  en  premier  lieu  I’idee  developpee  par 
Lorenz  (un  Lorenz  qui  a  singuliirement  evolue,  en  un  quart  de 
siecle,  quant  ^  ses  vues  sur  I’apprentissage  chez  I'animal)  d'especes 
k  programme  d'apprentissage  plus  ou  moins  «  ouvert  »  :  I’espece 
a  programme  ouvert  jouirait  d’une  palette  plus  riche  de  potentia- 
lites  comportementales,  toujours  inscrite,  ccla  va  sans  dire,  dans 
les  Iimites  de  contraintes  specifiques  incontoumables.  Retenons, 
pour  nous  en  resservir  plus  loin,  I’explication  fournie  par  Lorenz 
de  cette  difference  entre  especes  quant  k  I’ouverture  de  leur  pro¬ 
gramme  d’apprentissage  ;  les  especes  k  programme  ferme  auraient 
evolue  dans  une  niche  ecologique  particulierement  stable,  aux 
conditions  homogenes,  les  especes  a  programme  ouvert  au  con- 
traire  auraient  evolue  dans  des  milieux  instables  et  diversifies. 
Cette  flexibilite  mise  en  place  a  travers  revolution  bioiogique 
devient  a  son  tour  facteur  de  survie  dans  des  milieux  se  transfor¬ 
mant  de  faqon  inedite.  L’espece  humaine  est,  a  cet  egard.  privi- 
legiee  (avec  des  risques  non  negligeables  d'etre  victime  de  sa 
capacice  a  se  forger  de  nouveaux  milieux)  comme.  a  un  autre 
niveau,  le  rat  (que  Lorenz  oppose,  a  titre  d'exemple,  au  cheval). 

La  dialectique  du  developpement  proposee  par  Piaget,  et  par- 
ticulierement  elaboree  dans  la  derniere  phase  de  sa  carriere.  fait 
elle  aussi,  avec  la  notion  de  desequilibration,  une  place  centrale 
aux  variations,  «  variations  novatnces  »  a  I’ceuvre  d’un  bout  a 
I'autre  du  vivant,  «  du  plan  elementaire  des  mutations  au  plan 
supeneur  des  theones  scientifiques  »  (Piaget,  1974  ,  voir  a  ce 
sujet  Richelle,  1976). 

D'un  troisieme  c6t6,  la  psychologic  de  I’apprentissage  rejoint 
ici  I’etude  des  comportements  exploratoires,  comme  celle  des 
conduites  ludiques,  qui  manifestent,  les  unes  comme  les  autres, 
la  tendance  des  systdmes  vivants  a  entretenir  k  un  cenain  niveau 
des  activites  dont  la  fonction  n'apparait  pas  immediatement. 

Variations  intra-individuelles  et  surtout  inter-individuelles  se 
sont  egalement  imposees  k  ceux  qui  ont  etudie  dans  le  detail  les 
conduites  de  solution  de  probl^me.  Les  strategies  auxquelles  les 
sujets  ont  recours  varient  selon  le  probleme  aborde  et,  tres  large- 
ment,  selon  les  sujets.  L'origine  de  cette  diversite  est  loin  d’etre 
elucidee.  Qu’elle  releve  pour  une  part  de  dispositions  «  innees  » 
ou  «  constitutionnelles  »,  pour  une  autre  part  de  I’histoire  du 
sujet,  n’enleve  rien  a  son  importance  pour  I'educateur,  qu’il 
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s’adresse  directement  a  une  classe  ou  qu’il  mette  au  point  un 
didacticiel,  puisqu’il  lui  faudra  porter  son  attention,  plutot  qu’a 
une  logique  de  la  matiere,  k  une  logique  non  du  sujet  mais  des 
sujets. 

Nous  pouirions  poursuivre  la  liste  des  domaines  de  la  psycho¬ 
logic  contemporaine  oii  Ton  en  est  venu  a  s’int6resser  aux  varia¬ 
tions  pour  elles-memes.  Les  exemples  dvoques  suffisent  a  indiquer 
relargissement  que  cette  perspective  implique  pour  la  psychologic 
de  I'apprentissage,  avec  la  consequence  importante  pour  les  ensei- 
gnants  qu'il  n’y  a  plus  de  justification  a  la  lenir  pour  dissociee  de 
la  psychologic  de  I’intelligence,  du  developpement,  de  la  creativi- 
te,  etc. 

Mais  il  nous  faut  revenir  a  present  a  Tautre  volet  de  la  situation 
d'enseignement,  a  I'enseignant.  dont  nous  disions  plus  haut  qu'il 
avail  pu  cramdre  de  voir  etudies  ses  comportements  en  classe 
dans  le  seul  but  de  les  modeler  ensuite  selon  une  norme  rigide. 
de  lui  donner  dans  la  situation  scolaire  une  fonction  aussi  ngou- 
reusement  definie  que  celle  des  variables  independantes  d'une 
experience  d’apprentissage  en  laboratoire.  Si.  du  cote  du  sujet 
qui  apprend,  les  variations  apparaissent  comme  essentielles  a  la 
dynamique  des  acquisitions,  si.  en  d'autres  mots,  cultiver  les 
potentialites  d'apprentissage  d'un  organisme  suppose  que  Ton  pre¬ 
serve  son  registre  de  variations  comportementales  (voire  qu'on 
I'elargisse).  it  devient  evident  que  du  cdt6  de  celui  qui  enseigne. 
on  ne  peut  rechercher  I'uniformite.  Elle  serait  en  effet  antinomi- 
que  a  I'entretien  de  la  variabilite  chez  Thieve.  Nous  reportant  a 
la  relation  que  Lorenz  indiquait  entre  invariance  du  milieu  et 
programme  ferme  au  cours  de  la  phylogenese.  on  pouirait  sugge- 
rer  que  la  variability  comportementale  chez  le  sujet  qui  apprend 
a  pour  condition  la  variability  dans  les  conduites  de  I'eni.ignant. 
dans  la  mesure  oii  ce  dernier  reprysente  une  pan  essentielle  du 
milieu  destiny  ^  installer  des  apprentissages.  Cette  prescription 
dyplace  radicalement  I’accent  dans  I'etude  des  componements 
des  maitres  :  on  ne  s’y  fixera  pas  a  en  cvaluer  I'efficacite  ponctuel- 
le,  par  rappon  ^  des  objectifs  limites,  mais  on  visera  k  en  carac- 
tyriser  la  portye  en  tant  qu'inducteurs  de  variations  utiles  aux 
apprentissages  des  yieves.  Cette  perspective  prysente  I’avantage 
de  n’impliquer  aucune  notion  de  «  comportement  idyal  »  chez  le 
maitre  qui  se  prete  k  une  ytude  de  ses  propres  conduites.  II  n’y 
a  pas  de  «  modele  normatif  »  ^  substituer  aux  imperfections  cons- 
tatees,  mais  plutot  recherche  de  I'apport  personnel  a  la  dynamique 
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des  variations,  et  eventuellement  recherche  des  moyens  de  I’am- 
plifier. 

A  un  plan  plus  general,  les  querelles  de  methodes  qui  ont 
jalonne,  comme  autant  de  fleaux,  I’histoire  de  I'enseignement, 
perdenr  de  leur  signification,  rien  n’excluant  que  plusieurs  metho¬ 
des  coexistent,  non  seulement  pour  repondre  aux  diversites  indi- 
viduelles,  mais  pour  favoriser  chez  chaque  el^ve  la  capacite  de 
s’ajuster  h  la  diversite  des  sollicitations  du  milieu. 

Ce  programme  esquisse,  il  reste  ^  s’interroger  sur  les  demar¬ 
ches  i  mettre  en  oeuvre  pour,  dans  un  premier  temps,  analyser 
sous  Tangle  de  la  variabiiite  les  comportements  de  Tenseignant, 
puis,  dans  un  second  temps,  definir  la  variabiiite  que  Ton  tiendrait 
pour  .souhaitable  dans  un  projet  pedagogique.  Sur  ce  dernier 
point,  une  remarque  s’impose  ;  reconnaitre  Timportance  de  la 
variabiiite  n’entraine  pas  que  la  situation  ideale,  pour  provoquer 
des  apprentissages,  soit  celle  ou  le  sujet  serait  confronte  a  des 
variations  purement  aleatoires.  Tout  apprentissage  est  organisa¬ 
tion,  et  suppose  une  coherence  dans  la  structuration  du  milieu. 
A  ce  titre,  les  variations  s’inscnront  a  Tinterieur  de  certaines 
marges.  On  sera  natureilement  amene.  pour  preciser  ces  dernie- 
res.  a  s'interroger  sur  les  rapports  entre  variation  d’une  part  et 
definition  des  objectifs  et  des  moyens  de  les  atteindre  d'autre 
part,  une  question  qui  ne  releve  pas  moms  de  la  philosophie  de 
['education  que  de  Tanalyse  scientifique. 

Dans  une  perspective  de  recherche,  c'est  le  premier  point. 
Tanalyse  de  la  variabiiite  chez  Tenseignant.  qui  doit  retenir 
d'abord  Tattention. 

L'observation.  directe  ou  differee.  demeurant  la  seule 
methode  utilisable,  il  va  de  soi  qu'elle  devra  porter  simultanement 
sur  un  grand  nombre  de  categories  de  conduites  et  de  parametres, 
qu’ii  faudra  traiter  ensuite  a  Taide  de  modules  propres  k  faire 
ressortir  les  caracteristiques  dynamiques  des  variations.  Un  exem- 
ple  elementaire  fera  saisir  le  changement  de  niveau  de  Tanalyse. 
Dans  les  premieres  etudes  sur  les  comportements  des  enseignants, 
on  estimait  dej^  precieux  (et  ce  T^tait  en  effet)  de  relever  la 
frequence  de  telle  categoric  de  comportements  [par  exemple.  les 
fonctions  d'organisation,  d’imposition.  de  developpement,  etc. 
utilisees  jadis  par  De  Landsheere  et  Bayer  (1969)].  Si  Ton  s’inte- 
resse  a  cerncr  la  vanabilite.  la  frequence  d'un  comportement  a 
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elle  seule  n'apporte  pas  grand-chose  ;  il  faut  la  caracteriser  dans 
ses  relations  avec  la  frequence  des  comporiements  altematifs 
(dans  les  deux  registres  du  verbal  et  du  non  verbal)  et  en  tenant 
compte  de  la  dimension  temporelle  (ce  qui  appelle  une  analyse 
de  type  sequentiel)  ;  il  faudrait  aussi  la  rapporter  aux  particulan- 
tes  mdividuelles  des  eleves,  a  la  spdcificite  des  contextes  (type  de 
matiere  enseignee,  forme  de  leqon,  etc.). 

La  complexite  de  I’entreprise  aurait  de  quoi  faire  reculer. 
Neanmoins,  les  progres  realises  dans  d'autres  secteurs,  quant  au 
traitement  des  phenomenes  de  complexite  comparable,  incitent  a 
s'engager  dans  cette  direction  II  y  faudra  quelques  moyens,  et 
nous  retombons  dans  la  troisieme  des  hypotheses  formulees  a 
notre  point  de  depart  Ce  type  de  demarche  n'est  pas  de  celles 
que  Ton  improvise,  ni  qui  ait  quelques  chances  d'aboutir  a  coun 
terme  Elle  pourrait  cependant  etre,  au-dela  de  I'occasion  d  une 
meilieure  integration  des  savoirs  psychologiques  et  des  savoir-faire 
pedagogiques,  la  condition  d'un  depassement  des  oscillations 
entre  extremes  dans  la  perpetuelle  et  sterile  querelie  des  an- 
ciens  >■  et  des  «  modernes  »  qui  agite  le  monde  de  I'education. 
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SUM  MAP  y  Behavioral  variabiliiy  and  operant  eondiiioning  in  ammais. 

The  purpose  of  this  eritieal  review  of  current  knowledge  in  the  field 
of  animal  behavioral  variability  within  operant  conditioning  settings,  is 
to  pave  the  way  of  future  research.  The  present  review  is  organiud  around 
two  main  iinej  :  1)  the  influence  of  several  variables  on  the  spontaneous 
variability  of  the  operant  response  and  2)  the  selective  rrinforcernent  of 
operant  response  variability.  It  u  concluded  that  variation  mechanisms 
have  been  studied  much  less  than  selection  mechanisms  (even  if  these 
mechanisms  are  complementary  in  theories  of  learning).  Some  results 
Uad  IA>  to  consider  behavio’al  variability  as  an  inherent  dirnerision  of 
behavior,  sensitive  to  contingencies  of  reinforcement,  just  like  any  other 
dimension  (eg  response  force  or  duration). 

Key  words  :  behavioral  variability,  operant  conditioning,  animal 
behavior. 


La  psycholoirie  de  i'apprentissage  chei  I'animal  apparaJl,  comme  le 
notail  Gruber  (19761,  plus  prioccup^e  de  repililion  des  comporlemenls 
acquis  que  de  leur  acquisition  elle-raime.  Ainsi,  I’acliviU  operanle  esl 
geniralemenl  appr4hend^e  i  leavers  la  reproduction  sUriolypie  d’une 
uniU  molrice  ilimmlaire,  attestant  le  contrdle  exerci  par  les  contin- 
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gences  de  rcnforcemenl.  Le  terme  de  condilionnement  en  a  pris,  non 
seulemenl  dans  le  grand  public,  mais  parmi  Ics  psychologues  non  spe¬ 
cialises  en  la  maliere,  une  connotation  particuliere  :  il  s'y  attache  une 
notion  de  passiviie  du  sujel  soumis  It  des  contraintes  qui  rendent  sa 
conduite  rigide.  Contrairement  aux  activites  de  resolution  de  probleme, 
oil  le  sujct  mettrait  en  oeuvre  scs  veritables  capacites  adaptatives  —  ou , 
chez  rhomme,  aux  activites  creatives  —  le  conditionnement  passe  pour 
un  mecanisme qui,  loin  deservirl'adaptation  du sujet,  irait  >ison enconlre, 
du  moins  des  que  Ton  depasse  le  niveau  du  comportement  tres  simple  et 
le  cadre  parliculier  d’une  situation  experimentalc  tres  artificielle. 

Cette  representation  du  conditionnement  est  discutable,  e  double 
litre,  car,  d’une  part,  s’agissant  d’un  mecanisme  d’apprenlissage,  on 
s’altendrait  i  ce  que  I’accent  soil  mis  sur  le  changemenl,  pluldl  que  sur 
la  stabilisation  des  conduites,  et  d’autre  part,  on  comprendrait  mal ,  dans 
le  cadre  habituel  de  I’oxplicalion  biologique,  comment  se  serail  mis  en 
place  un  processus  de  modification  des  conduites  de  quelque  importance 
et  de  quelque  universalite  qui  no  soil,  en  regie  generale,  au  service  de 
I’adapt.Hion  F.lle  ne  s’accorde  pas  avec  les  formulations  Iheoriqucs  qui 
lenient  de  cerner  les  caracteres  dynamiques  du  mecanisme  de  condition- 
nemenl.  Ces  formulations  ont  rccoiirs  a  une  analogic  avec  le  mecanisme 
qui,  il  une  autre  echdle.  ccllc  de  I'ovolution  des  especes,  rend  compte  Ini 
aiissi  do  transformations  el  d’emcrgenccs  de  formes  nouvclles  (voir 
Skinner  (1966)  ;  I'lotkin  (198J)  ;  Richclie  (1983))  On  sail  que,  dans  le 
sillage  de  Darwin,  la  biologie  rveonnait  dans  revolution  dii  vivanl  le 
fruit  de  la  pression  selective  du  milieu  s’excrganl  sur  Ic  materiel  gene- 
tique.  La  pression  selective  ne  creant  ricn,  mais  sc  bornanl  a  trier,  les 
formes  nouvelles  dependent  des  variations  du  materiel  geneiique  —  varia¬ 
tions  dues  aux  mutations  ou  resultant  de  la  recombinaison  des  genes  au 
sein  des  populations  Une  Iheorie  des  changcmeiils  biologiques  sc  doil 
done  d'aborder  ces  variations,  d’en  terner  la  nature  et  Ics  sources,  non 
moms  que  do  preciser  les  processus  de  In  impliques  dans  la  rencontre  de 
I’espece  avec  sa  niche  ecologiquc.  Le  modele  de  revolution  biologique, 
applique  au  developpement  des  conduites  de  I'individu,  lienl,  faul  il  le 
rappeler,  une  place  centrale  dans  la  Iheorie  conslructiviste  de  Piaget 
(1967).  Dans  un  aiilre  conlexte.  Popper  (1973)  I’a  explieilement  utilise 
pour  rendre  compte  de  revolution  des  connaissaiices.  On  le  iclrouve 
encore  dans  la  Iheorie  de  la  stabilisalion  selective  proposee  par  Chan- 
geux  (1983)  a  propos  de  I’epigcnese  des  connexions  neiironales  dont  on 
peut  penser  qii'elles  renvoient,  sur  le  plan  des  conduites,  aux  jeux  conju- 
gues  du  developpement  cl  de  I’apprcnlissage. 

St  I'analugie,  appliquee  au  condilionnement,  a  quelque  valeur,  nc 
serail-ce  qu'au  niveau  metaphorique,  la  psychologie  de  rapprentissage 
devrait  altaclicr  une  attention  aussi  grande  an  volet  variation  qu’au 
volet  selection  du  processus  de  condilionnement.  Or  pour  des  raisuns 
que  I’on  Iroiivera  discuiees  ailleurs  (voir  Riclielle,  1983),  I’etude  des 


Cnnilil  mniifineitt  <ijit'rn;i(  f/icz  I  atiiiiuil 

varialions  a  clc  largcmenl  negligee  au  profit  dc  celle  dcs  conlrainles  selec- 
lives  Si.  au  plan  theorique,  plusiciirs  aiilciira  onl  attire  I’attention  sur 
rmiporlaiirc  des  variations  (Skinner,  1906 ;  Staddoii  ctSimmelliag,  1971 ). 
I’analj'se  cxpirimeiitale  n’a  gutre  suivi.  Quelques  rcchcrches  pourlanl 
font  exception,  qui  attestent  qu'aucun  obstacle  technique  ne  s'oppose  a 
ce  que  Ic  probUme  soit  abord^  cl  que  quelques  chercheurs  en  ont  perju 
la  portae  tlieorique  Elies  mirilenl  d’etre  syntlittisies  et  discut^es,  dans 
lo  double  but  de  susciter  uii  iiiUr^t  pour  une  problimatique  qiii  recouvre, 
a  nos  yeux,  la  moitii  a  peine  exploree  du  lerritoire  de  I’apprentissage,  et 
dc  repenser  cette  derni^re  dans  une  throne  int^gr6e  oil  les  aclivit^s  de 
resolution  de  probl6me,  les  productions  crialives  et  I’acliviU  explora- 
loire  n'apparaisscnt  plus  comine  distinctes  voire  opposies  aux  m^canismes 
d'apprentissage  mats  s’y  arliculant  iMroitemenl. 

La  revue  qiii  suit  se  limite  aux  travaux  portant  sur  les  reponses  op^- 
rantes  cliez  I'aiiimal.  II  s'agit  la  d’une  restriction  dilibir^e  du  domaine 
^tiidie,  que  justifient  d'une  part  les  qualites  dc  rigucur  et  d'^laboration 
des  fxpCTicnces  sur  I'aiiimal,  par  rapport  aux  rccherclies  comparables 
sur  reiifanl  ou  I'adiiltc  liuniain,  d’aiitre  part  le  souci  de  montrer  que 
I'lnteret  des  variations  conceiiic  deja  clairement  les  apprentissages  S14- 
meiitaires  elicz  I’aniiiial  et  n’atteiiJ  pas  que  I'oii  atteigne  dcs  niveaux 
supefieura  dc  conipIcxitO  des  conduiles 

Les  reclicrtlics  presenties  soul  orgaiiisCcs  aiilour  de  deux  questions 

I  ;  t,!ucl)es  variations  presoiile,  dans  les  marges  autorisecs  par  la 
diriiution  iiuf  rcxperimciitateur  cn  a  clioisie,  la  riponsc  operanlc,  en 
foiKlion  dc  divers  facteurs,  contingences  de  rcnforcemcnl,  hisloire  du 
sujet,  cU  ,Nuus  parlcrons  a  ce  propos  de  variability  spontance  en  ce 
sens  qu’elk  n'csl  pas  une  condition  requisc  pour  I'obtcntion  du  renfor- 
cciiunt 

J  ,  Est  il  possible  do  rcnrurccr  sylectivcmcnt  les  variations  d’liiie 
re|  .'iisc  operante  au  menie  titre  quo  tout  autre  aspect,  force,  localisation, 
aiTiplilude,  duree,  etc  ?  Ici  la  variabilite  est  requise 

La  preimeie  question  n’est  pas  sans  rapport  avec  iin  problCme  soulevy 
par  Skinner  dans  son  article  tlieorique  classique  (Skinner,  1935)  ou  la 
notion  de  reponse  opirante  ytail  definie  comme  une  classe  dont  les  mem- 
bres  —  des  riponses  ryellement  produites  el  enregislrees  —  pouvaienl 
vaiici  pour  autanl  qu'elles  rypondenl  au  crilire  dyfinissant  la  classe 
Ainsi,  I'appui  sur  un  levier  entralne  le  renforcemenl  si  la  force  exerc^e 
attcint  une  valeur  minimale  ,  au  dela  de  ce  minimum,  la  force  peut 
varier,  comme  peut  varier  d’autre  part  la  diirye,  qui  n’a  pas  iiy  spSci- 
fiee  dans  la  dyfinition  de  la  riponse  efficace 

On  traitera  d’abord  les  r^ponses  opyranles  simples,  pour  examiner 
ensuitc  les  reponscs  complexes,  qui  nous  rapprochcnl  des  IJchcs  de  riso- 
lulioii  de  problime 
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C’esl  0  Anlotiitis  (1951)  pjue  I’on  doil  la  premiere  recherche  sur  ia 
variabilitC  de  la  rcponse  operanle  La  rtponse  dans  telle  tlude  pouvail 
vaner  quanl  a  sa  lutalisalioii  —  iiilroduclion  du  miiseau  du  ral  en  uii 
polnl  d'uiie  fenle  horizonlalt  de  SO  tin  Dans  des  siliiallons  diles  de  ren- 
forceinenl  Lonliiin  (lhi'-  :  ihaqiic  leponse  esl  n  iifortecj,  la  variahilile, 
considerable  en  debiil  d’uppreiilissage,  diiiiiiuie  progtcssivemcnl  pour 
fairc  plate,  ao  fd  dcs  seances,  a  nn  toinporltmenl  plus  slereolypfc.  Elle 
se  manifcslc  a  nouveau  en  silnalion  d’cxlinclion  Etkernian  el  Lanson 
(1969),  dans  nne  recherche  comparable,  presenUml  a  Iciirs  pigeons  une 
cle-rcponse  longue  de  -0  cm,  subJivisCc  en  10  zones  lls  confirmcnl  le-s 
resnilals  d’.\nlonilis,  comme  lo  fonl  d’aiilros  auteurs  qui  onl  eludie  la 
vanabilite  a  propos  d'aulres  dimensions  do  la  roponse,  lelles  que  la  diirce 
(Millenson  cl  llunviU,  1961  ,  Margulies,  1961  ,  ('.row,  107K  ,  Luthier  el 
Corey,  l'.i«2l,  la  f')rro  (Notleiiiian,  1959),  la  laliino  (tslcblnns,  Inoj),  It 
travail  —  mc'snre  par  lo  dtpl.icoinonl  du  lovn  i'  —  (lleirn  K,  I'.nij,  I  joi  . 
Ilerrn  k  et  Droniboiger,  I'lOS)  el  la  tupogiaplne  (Muonzingei,  loJS), 

Hn  i(rgle  g  nii.iU,  lorsqne  It'S  ciilerrs  dehnissanl  la  tiasse  0|ieranle 
autOfisenl  des  fouiTbellcS  do  vaiialioii  pou  euntraignanlcs,  on  observe 
que  It'S  I'  ponseS  se  slabilis.  nl  prngtessivonicnl  aulonr  d’une  valour  eeii- 
Irale,  souvcnl  diff'  r'-nte  d’nn  animal  a  ranlre  L'angmi  nlaliun  do  l:i 
sUreotypie  do  la  feponsc,  an  til  do  I'exposilion  an  ciu',  rcflele  lo  eoiitrolo 
par  If  renforccmcnl  el  esl  sans  doule  inltTprotahle  par  la  tendanie  au 
moindre  elTort  (llerritk  el  Uronibergcr,  1965,  par  cxcmple'  ou,  de  fagun 
plus  ralTinoe,  en  terme  d'o|ilimalisalioii  du  lomportemcnl  (Notternmn, 
1959  ,  St  addon,  1980,  par  cxernple). 

La  variabiliti:  r«  apparaissanl  en  situation  d'exlinclioii  —  cn  font- 
lion,  entre  anlrcs,  do  la  durcc  de  reiilralnemcnl  en  car  (Thompson, 
lleistad  et  Palermo,  1963)  —  alte.sle  la  reversibility  du  phynomine  cons- 
taty  en  phase  de  conditionncmenl  La  situation  dV-xlinction  ne  se  borne 
done  pas  a  reduire  le  dybil  des  ryponses,  elle  en  angmente  la  variabiliic 
D'aulres  recherehes  onl  cxploi-y  les  silualioiis  a  renfortt'inc-nl  inter 
miltenl,  inlermtidiaires  entre  ces  deux  extremes  que  sonl  le  renforcemonl 
continu  et  I'exlinction.  A  rexceplioii  dcs  Iravaux  de  Ilcrrnslcin  (19611, 
de  Millenson,  Hurwilz  et  Nixon  (1961)  cl  de  Boren,  Moersbaecher  el 
Whyte  (19T8)  —  sur  lesqucls  nous  reviendrons  — ,  on  observe  gynyrale- 
ment  une  augmentation  de  la  variability  lors  du  passage  du  crf  au  ren- 
forcement  intermittent  (Millenson  et  Hiirwiti,  1961  ;  Stebbins  el  Lanson, 
1962  ,  Herrick  et  Dromberger,  1965  ,  Ferraro  el  Branch,  1968  ,  Eckerman 
et  Lanson,  1969  ;  Lachlcr  el  Corey,  1982  ;  Tremont,  1984) 

Se  pose  ici  la  question  de  la  relation  entre  lu  degry  d’inlermillence  el 
la  vanabilite  On  pent,  aver  Sthocnfeld  (1968),  fairt  I’hypothtse  qu'aux 


I'/ 


38 


Cundttiuiiiienienl  uperaiil  citez  I'uiiiiiial 

pinodes  successives  d'extmction  inhirenles  aux  situations  de  renforce- 
moiit  intermittent,  corrcspondrail  line  variabilitc  comportemcnlale 
accrue,  par  rapport  a  cclle  que  I'oii  observe  en  enr  Par  consequent,  Ic 
nombre  de  varianles  rentorcies  de  la  classt  opirante  eianl  plus  elcv6, 
I’exlinction  sera  prolongec,  chaque  variantc  devant  etre  eteinte  sipare- 
ment  Cette  hypothesa  implique  que  si  les  ren/orccmcnls  se  font  plus 
rares  (si  Ic  degre  d'intermittence  aiigmcnte),  la  variabilite  augmente 
r.'est  ce  que  confirment  Trcmoiit  (1984),  travaillant  sui  les  intcrvalles 
inter  reponses  (inr),  et  Boren  ei  al  (1978),  sur  la  localisation  (cboix  entre 
6  Icviers)  Par  contre,  les  r^sullals  de  Millenson  cl  lliirwitz  (I9&I),  siir 
la  durec,  de  Tremont  (196'.),  sur  la  force,  cl  d’Eckcrm.in  ct  Lanson  (1009), 
sur  la  localisation,  vonl  dans  le  sens  oppose  Ccs  donnies  contradictnircs 
s’cxpliquent  peut  Jtre  par  Irois  variables  :  Ic  conlcxte  comporlcnicntal, 
la  dimension  dc  la  reponsc  mesuree  el  le  type  de  prugrainmc  de  rentuiee- 
ment  cn  cours  (programme  a  coiriposanle  leinporellc  ou  programme  a 
pruporlion' 

—  Ilya  lieu  de  consid^rer  le  contexte  coniporleincntal  dans  leqnci 
la  leponsc  opCraiite  apparatl  En  elTet,  la  condnitc  est  un  plicnomeiie  a 
caraetere  contmn  (Skinner,  1953  ,  Schoenfeld  et  Farmer,  19T0),  ct  le 
soul  seulemcnt  dcs  exigences  metbodologiqnes  qui  imposent  d'isulcr  des 
unil.5  arbitrjires  du  •  Ilux  coniperieiiienta!  »  minterronipu  I.es  autres 
( omp  jrlemenls  de  I'organisme  inleragissenl  avec  la  rcpunsc  operante  et 
peuvciit  done  influencer  Fexprcssion  de  sa  variabilite  Uiie  ttiide  de 
1  Krrnstem  i  I  001 1  illuslre  Ce  point  et  meritc  nil  examen  dctaille  lleirn- 
stem  cuiislate,  a  I'cncontre  d'autres  clierclieurs,  qn’un  programme  de 
renforceme'nt  intcrinittcnl  i  composante  Iciiiporelle  (V)  3  mn)  eiUiaine 
inic  diminution  de  la  variabilite  dans  la  localisation  dc  la  reponse  par 
rapport  a  la  variabilite  observCe  preccdcniment  en  crf  Dans  son  dispo- 
sitif  experimental  —  uiie  cage  dc  condilionnemenl  pour  pigeons  — ,  urie 
longue  cle  roponse  est  placee  sur  line  paroi  el  le  distributcur  de  renfor 
cements  sur  la  paroi  opposee  En  cur,  les  pigeons  donneal  plus  dc  conjis 
de  bee  aux  cxlrcmites  de  la  cle  cl  cette  pretcrence  s'atcentue  des  la 
premiere  stance  en  VI  3  mn  (comportemenls  Ir^s  stereotypes)  Ferraro 
ct  Branch  (1068),  et  Eckerman  el  Lanson  (I0G9)  reprodmsent  eelte 
experience,  mais  en  plapant  le  distributcur  de  rentorcements  sous  le 
centre  de  la  cl^  riponse  Its  observcnl,  6  I’oppose  de  Herrnslem,  une 
forte  augmentation  dela  variabilite  lorsdu  passage  au  rcnforcement  inter¬ 
mittent,  conformemenl  aux  donnt'es  des  aulres  auteurs  On  pent  supposcr 
que,  dans  FexpCrience  de  Herrnstem,  d'autres  comporlcmcnts  quo  ceux 
pris  en  comple  par  I’cxpenmcnlaleur,  tels  les  deplacemcnls  entre  dislri 
buleur  dc  renforccmeiits  ct  dispositif  reponsc,  auraicnl  inlcragi  avec  la 
reponse  operante  el  influenci  la  variability  de  cette  dimension 

—  Ccltc  variable  •  conlcxte  comporlomcntal  •  paralt  cn  interaction 
avec  la  variable  •  dimt  nsion  de  la  reponse  •  Tremont  11084)  cludie  cette 
interaction  en  mesurant,  d'unc  part,  la  variability  de  la  (oree  dc  la 
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r^pon5e  —  dimension  qu'il  consld^re  coinme  peu  alUrable  par  le  voiti- 
nagc  d'aulres  comporlemenls  —  et,  d’aulre  part,  la  vai  labilite  dcs  inler- 
vallcs  inter  reponscs  —  dimension  supposec  plus  vulmirabK'  a  I'lnlerfS- 
rcnce  des  coinportemcnts  apparaissaiit  enlrc  les  reponses  op^ranlcs  En 
augmcnlant  rinlermilleiice  d’un  programme  a  inlervallcs  variables,  il 
obtienl  un  accroisscmonl  dc  la  vanabililc  dcs  inr,  mais  non  dc  cclle  de  la 
force  de  la  n'ponse  L'importance  du  flux  comportemcnlal,  abondam- 
menl  d6monlrie  dans  d'autres  perspectives,  doit  inciter,  ici  aiissi,  les 
tlierchcurs  a  miciix  contrdicrcl  mesurerlcs  coniporleineiits  aiitres  que  la 
rtponse  op^rante  et  susceplibles  d’en  influcnccr  la  vanabilite 

—  S'agissant  du  type  de  programme  de  rciiforccmcnt  inlermilleiit 
en  coiirs,  la  pluparl  dcs  rechcrchcs  utilisant  des  programmes  a  compo- 
sante  lemporLlle  montrent  line  augmentation  de  la  vanabilite  comporle- 
mentale  lors  du  passage  du  cur  au  renforeeinent  inlcrniiltent  (Fijraro 
el  Branch  (11168),  Eckerman  el  l.anson  (1069),  Boren  ri  al  (19T8',  pour 
la  localisation  de  la  reponse  ,  Trcmonl  (198i'.  pour  les  inlervallcs  inter- 
rfponses  ;  Milicnson  et  al  (lOGlI,  Schwarli  el  Williams  (197'j),  pour  la 
duree  dc  la  rcponsel  Quant  aiix  recberches  ulilisaiU  deS  prcgrainmes  de 
renforcement  intermittent  a  proportion,  cerlaines  montrent  unc  augmen¬ 
tation  durable  dc  la  vanabilite  >  oinporlcmcntale  ilUrrick,  1065;  Her¬ 
rick  el  Bromberger,  1065  ,  bdiuarli  el  Williams,  10':;,  d'autres  une 
augmentation  temporaire  (Si  liadTcr  et  Sloinhorst,  1050)  cl  d'autres. 
enrin,n'oLtienncnt  pus  d’augminlalion  i  Mi  Henson  n  al  ,  1001 ,  Boren  ei  al  , 
1 0  781  Boren  al  coinpjrcnt,  plus  specifiquemcnl.lles  programmes 

5  intervalles  fixes  In)  et  les  programmes  a  proport.eiii  lixe  irii;  11s  6tu- 
dienl  la  localisation  de  la  rcpoiise  sur  six  leviers  fonctionnellemcnt  sem- 
blables,  tlioi  dcs  singes  souniis  a  diflcrcntcs  vjKurs  do  ru  cl  de  fi.  l  es 
valours  du  ri  soul  thoisics  sur  la  liasc  dcs  resulluLs  oblenus  en  rn,  al'in 
d'apparier  ces  programmes  cii  Icrme  du  degre  d'lnlermittcnce  fyaktd 
control  destgn).  En  rn,  la  slereotypie  dc  la  reponse  —  mcsiircc  par  lo 
nombre  de  eliangements  dc  leviers  —  esl  presque  rnaxim.ale  pour  loulos 
les  valeiirs  cnvisagCcs  (I  a  lOOl,  alors  qu'on  ri,  la  vjriabilile  de  la  locali¬ 
sation  esl  fonclion  du  degre  de  I'lntermiltence  iGciler  (1968)  observe  le 
m^me  phenomCne  en  rn  avec  des  pigeons  I’ne  explication  possible  dcs 
diflerences  enlre  les  types  de  programme  inlcrmiUcat  se  base  sur  la 
nature  de  Torganisation  des  reponses  qu’ils  entraiueut  En  programme  a 
proportion,  le  taux  de  renforcement  obtenu  esl  fonction  du  debit  deS 
rfponses,  qui  se  comportenl  comme  des  unites  fonclionnelles  (Zeder, 
1977),  avec  une  vanabilite  mmimalc  En  programme  a  composanle  lem- 
porelle,  le  taux  de  renforcement  esl,  par  conlro,  praliquemenl  indcpen- 
danl  du  taux  de  reponse. 
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2  /  ntPONSES  COMPLEXES 

Une  r^ponse  complexc  est  constitute  de  rtponses  simples,  identiques 
ou  non,  tmiscs  successivement  Chaque  rtponse  simple  produit  les  condi¬ 
tions  pour  la  rtponse  simple  suivante.  Les  situations  propostes  pour  ttu- 
diur  la  vanabilitt  des  rtpoiiscs  complexes  peuvenl  ttre  rtsolues  par  plu- 
sieurs  sequences  correctes  dc  reponses  simples. 

Une  tiche  dc  ce  type  a  tte  mise  an  point  par  Vogel  ct  Annau  (1973) 
pour  les  pigeons  Le  materiel  se  compose  d'une  cage  optrante  comprenant 
une  malrice  de  4  x  4  lampcs,  deux  cits  rtponse  el  un  distributeur  de 
grams  La  rtponse  exigte  csl  de  Irois  coups  de  bee  sur  chaque  cie-rtponse, 
dans  n'lmporte  quel  ordre.  Au  debut  de  chaque  essai,  la  lampc  du  coin 
siiptricur  gauche  de  la  matrice  s’alluinc  Un  coup  de  bee  sur  une  clt- 
reponse  provoque  le  deplacement  de  la  lumitre  d’une  position  vers  la 
dri'iK  .  un  coup  de  bee  sur  I’autre  cle  rtponse  dbplacc  la  lumitre  d'une 
position  vers  Ic  has  A  la  fin  des  six  appiiis  rcquis.  la  lumitre  a  atteirit 
la  lampe  du  com  inferieur  droit  de  la  matrice  et  Ic  renforcement  csl 
dc.  livn.'  L’n  quatritme  appui  sur  Tune  ou  I’anlre  cle  des  deux  cits  rtponse 
lermine  I'essai  sans  renforcement  Vmgt  sequences  differcntcs  conduisent 
au  rcnforccme.nt  La  meme  lac,he  a  etc-  ulilisec  par  Perikel  (1982)  avec 
des  rats  Schwartz  (1980,  I'Jst  u)  a  cludit  riiifliiencc  du  renforcement 
c  onlinti  et  dc  rexlitic  lion  sur  relablisscment  c!  le  mainlien  des  sequences 
de  reponscs  tmises  par  des  pigeons,  en  ulilisant  une  version  Ugercmenl 
meddice  de  la  laclie  dc  Vogel  et  Annau  (matrice  de  5  x  5  lampes  et 
Tu  sequeni.es  correctes  possibles) 

Qm.lles  qiie  soieiil  la  laclic  iililisee  el  rcspt-cc  conccrnec,  on  constate. 
I'll  ciiF,  line  diiiiiiiution  impoilanlc  de  la  vanabililc  des  sequences  de 
reponscs  cl  I'apparitioii  d'une  sequence  dominanlc  (die  apparall  dans  la 
majontc  des  essais':  Pisacrela  (1962  a,  1982  6)  confirme  ces  resullats 
avee  line  tadic  permettant  un  grand  nombre  dc  se'qucnces  correctes 
lies  pigiaiis  doivciit  eii-iiidie  dcs  matrices  lummcnscs  de  0  a  9  cics- 
refiuiisc.  eri  donnaiil  un  coup  de  bee  sur  chaque  cle,  dans  n'imporle  qud 
ordri  ■ 

Ln  situation  d'cxtinction,  la  vanahilite  des  sequences  augmenle,  du 
moms  Si  I'expositiori  prealable  au  condilionnemcnl  n’a  pas  tie  trop  pro- 
longte  l2ti  sessions  dc  50  cssais)  Par  coiilrc,  la  stertolypie  persisle  chez 
les  pigi.  uns  dont  rentrainemciit  a  etc  plus  inlensif  (50  stances  dc  50  essais) 
(Schwartz,  1980,  1981  a}  Ces  resiiltals  suggtreni  que,  sous  cerlaines 
conditions,  les  patterns  dc  rtponses  acquis  deviennenl  fonctionncllcment 
intcgres  lls  sc  Iransformenl  cii  unites  stereolyptes  el  se  comportent  Ids 
dcs  >  blocs  ■  insceahlcs,  peu  sensibles  a  dcS  modifications  cnvironnemcn- 
Ulcs  ultericures  D'autres  douiiecs  vonl  dans  le  sens  dc  celle  hypolhtse  : 

--  line  iiiteiMiplioii  des  Seam  is  d'eiit roiiic menl  duranl  soixante  jours 

n' in  flue  lice  ni  la  pei  foi  maiicc,  ni  la  vanabilile  des  sequences  lorsqu'on 
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replace  Ics  pip’eons  dans  la  silualion  d’enlratncnicnt  (Schwarli  el 
Reilly,  I'jbS)  , 

—  SI  des  pigeons  piiiciilraliids  ne  disposent  plus  des  indices  Iiiniineux 
(lampes  tlcintes),  raugnienlalion  de  la  vaiiabililc  n’esl  que  tempo- 
raire  cl  la  siiqiienrr  domniante  d^veloppie  antcricurcmenl  ne  tarde 
pas  a  ri^appatailre  (Schwarli,  1981  b)  ; 

—  si  on  envisage  Ics  s^qiiciKcS  comme  des  ripoiiscs  individuelles,  les 
doiiiiies  oblciiiies  avet  des  pigeons  precnlralnes  soiimis  a  des  pro¬ 
grammes  multiples  ou  eoriciirrents  sont  conformes  aiix  comporte- 
menls  observes  dans  les  dludes  impliquant  des  reponses  simples 
(SctiuarU,  1 08r>)  ; 

—  si  I'oii  coiislJere  qiK  rmlermiltence  du  renfurcemenl  cst  assimilable 
a  unc  siiiccssioii  de  periodes  d’exlinclion,  on  peut  prevoir  que  le 
renforcemeiil  inlciniiltenl  aura  des  effels  similaircs  stir  la  variabilile 
deS  Sequ‘'iiees,  a  ceux  manifesU-s  cn  exlinelioii  SdiwarU  (I'JiJa  ii 
plate  lies  pigeons  preciilraines  cn  n  el  cn  rii  II  ne  conslate  aueune 
augnnntalion  de  la  variabibte  des  sequences  Les  elTctS  de  ces  pru- 
graniiiirs  se  niarqiieiil  uiiiqnemenl  siir  le  leinps  de  laleiicc  (lemps 
Sepal  a. it  le-  de  bill  de  I'eSsai  dn  premier  coup  dc  be  c  de  la  sequent  i.  j  el 
noli  sill  Ic  leinps  St  I'arailt  les  I  onps  de  bt .  .  a  rnilel  IcUl  de  la  Sequelii  e, 

Ces  I  esiil  1  .d '  St  111  Id.  Ill  don.  I  onlii  iner  que  la  sc  queiice  n'csl  pas  cons 
Idle  par  line  sini)dt  jiixtaposition  de  roups  dc  bee,  inais  qii'clle  forine 
line  niiile  org  iiiisc.-,  avec  nne  slrntlnre  mleii.e  Une  elude  dc  Siclii'urli 
I'.ijf))  siiggere  qin  idle  organisation  esl  de  type  Inerarcliiqiic,  pliilol 
qiie  SOUS  forme  dc  tliaine  de  roponses 

Le  cara  teie,  boinogene  on  non,  des  rei.ons.s  qui  romposent  Ls 
sequences  esl  susccfdiblc  d’lnnuenrer  rmlegialion  des  reponses  cn 
unites  (Sclitvarlz,  1980,  198J  a.  198-  b.  1085!,  ainsi  quo  le  mainlicn  dts 
Stbpicrnes  cn  cNlmction  Reu  d’elndes  exporimcntalcs  onl  Iciite  d’aiia- 
lystT  leS  cfftls  d,  dilt-rciilcs  conlingcnces  de  renforccinrnt  sur  la  vana- 
bilile  de  Sfipiences  tie  romporlemenls  beterogenes  Isin,  cession  de  repons  .s 
to[iOgrapliiqiiemenl  dilT.  renlcs)  LeS  Iravaux  de  Mili.nson  et  al  (IOC  I. 
consliluent  line  exception  3  cct  Cgard  CeS  aulenrs  onl  rondilioime  des 
rats  a  cmetlre  mn.  Sequence  dc  i  omporlemenls  din'cr.  iiN  (appiii  snr  un 
levier  siiivi  dii  deplacement  de  I’aninial  cl  de  rinlrodui  lion  du  niuseaii 
dans  rorificc  de  la  cage  contcnanl  Ic  rcnforccineiill  En  renfun oniciil 
conlinu,  I’animjl  ilmct  des  seqiieiiecs  dc  compoi  temenls  lout  a  fail 
slereolyin-cs  En  exlinclioii,  on  observe  une  disparilnm  de  cetle  sttn  o 
typie  cl  unc  modification  dn  pattern  Icmporel  des  dilTtrents  coinjior 
tcnieiils. 
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B  —  EFFETS  DE  VARIABLES  PSYCIIOPIIYSIOLOGIQUES 
ET  DES  STIMULATIONS  AVEHSIVES 
SUR  LA  VARIABILITE  DE  LA  REPONSE 

Piusicui's  aulcurs  onl  itudii  I’influonce  dc  variables  psychopliysiolo- 
giqiics  sur  la  variability  du  comporlcmcnl ;  elTels  dc  la  privation  aliincn- 
tairc  (Elliott,  1934  ,  De  V'alois,  1934  ;  Carlton,  196',!  ;  McSwccncy,  19/4)  , 
de  la  quantity  du  renforcement  (Carlton,  1962  ,  Stcbbins,  1962)  ;  de 
I'alcool  ,  des  drogues  el  dcs  Rsions  cyrybralcs  (Devenport,  198Jj  Nous 
rcnvoyons  le  lecteur  a  Devenport  (1983)  pour  unc  informalioii  compICle 
a  ce  sujet  Signalons  cepcndant  quo  I'enscmbic  de  cos  recliciebes 
montrc  que  la  vanabilite  comportciiienUile  est  d’aiitant  plus  import, inte 
que  I’organismc  est  proclie  dc  son  etat  normal  (absence  dc  privation, 
de  substances  toxiqucs,  dc  Rsions  cyrebralts)  11  semble  des  lors  rcgril- 
table  que  toules  les  retlmclies  rcccnsees  etudient  la  vanabilile  conipor- 
temeritale  cbcz  des  animaiix  alTanies 

Les  ytudes  relatives  a  I’lnfluence  des  stimulations  aversives  sur  la 
variability  sonl  rarcs  (Hamilton  et  Krecbevsky,  1933  ,  Evcrall,  1933  ; 
Maier  ct  Klee,  1  943  ,  De  Valois,  1034  ;  Ferraro  cl  Hayes,  10C-T|  De  jliis, 
leurs  di/Tereoct-s  mytbodologiques  m-  pernitlleiit  auciine  generabsaliuii 

C  —  VARIABILITE  OPEHANTE 

Tous  les  travaux  que  nous  avons  nientiorines  jusqu’a  present  out 
eludic  I'expression  dr  la  variability  spontanre  et  scs  rapports  avec  uii 
ensvniblc  dc  variables  bees  a  I’oigaiusiiie  ct  a  renvironnenu  ut  EIK  est 
induencee  par  I'etat  dc  cel  environuciiicnt  et  par  scs  inodifications  Cel  U 
variabilite  de  bast,  condition  necessaiic  aux  apprcntissages  ulterieiiis, 
est  iiidissoeiable  d'uiie  [>luralite  de  fadcurs  inliCients  a  rorganisnK,  lels 
que  I’especc  (Parker,  1074),  I’expci leuci  aiilericurc  cl  Petal  pliysirK. 
giqiic  (Devenport,  lObJ)  Intcrrogeeuis  nous  a  present  sui  la  possiLihtc 
de  eoiiditiourier  la  variabilite  eoinpoi  leineutale  elle  iiieiiie 

1  /  RtPObstS  SIMPLES 

Sclioenfeld,  Harris  cl  Farmer  (lOGO)  sonl  les  premiers  a  avoir  cxplu  i 
temcMl  conditionny  des  variations  du  comporlemenl  Ils  iie  ronforceiit 
des  pressioiis  de  levicrs  cliee  des  rats  que  si  les  iiilervalles  niter  itpoiises 
appartiennent  4  une  classc  dilTerentc  decelle  de  I'lnle-rvalle  inler  i  eponses 
immydiatement  precedent  (I'cxigenee  est  ici  minimale  ;  les  rats  peuvent 
obteiiir  lous  les  rcnforcemcnls  programmys  par  la  simple  allcrnancc  de 
deux  HIT  de  dnrtes  dilTcrentes)  Les  rcsullats  monliciil  I’edel  escompte, 
ee  qui  incite  Ics  auteurs  a  fournir  une  •  reectle  >  pour  Pelude  de  la  varia 
biliie  ojicrariti  •  L'eiitralncment  a  la  variabilite  de  la  repoiise  est 
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affaire  ;  a)  de  defimtion  de  la  forme  el  dii  dcgrc  de  varlabiliU  desires  , 
b)  de  mise  au  point  des  conlingences  dc  renforcement  qui  cr^craient 
celte  variabililc  ,  el  cj  d’iiiscrtion  dcces  conlingences  dans  un  programme 
dc  renforcement  •  Mais  des  etudes  ulUricures  montreront  que  la  solution 
n'esl  pas  si  simple, 

Dlougli  (lOliG)  envisage  la  mome  variable  dcpcndanle  el  renforce 
systematiqucmenl  les  inlcrvallcs  inler-r6ponses  les  moins  frtquenls  de 
ses  pigeons.  II  obtient  des  distributions  aldaloires  de  cette  dimension. 
Bryant  et  Church  (1974),  poor  obtenir  des  comporteinents  de  choix 
alealoires  cnlre  deux  Icvicrs,  rtcompenscnl  b  75  %  les  comportemenls 
d’alternance  entre  les  Icvicrs  et  a  25  %  la  repetition  de  la  r^ponse  sur 
un  mime  levier  —  comportemcul  •  prefei-6  .  par  les  rats  Enfin,  Pryor, 
llaag  el  O'lleilly  (1069)  couditionnenl  la  variabilite  de  la  topographic 
de  la  riponse  thez  des  inarsouins.  en  ne  rcnfori,anl  qiic  les  comporle- 
mciils  dorit  la  forme  csl  differcnle  dc  celle  des  comporUmcnls  Imis  prece- 
deniment  par  I'aiiimal  Ils  oblienncnl  I'app.m-ilion  de  nouvellcs conduiles 
parmi  Icsquullcs  Cerlaines  n’avaicnl  jamais  ilb  obscrv6es  dans  celle 
espSce. 

Si  le  peu  d’eludes  rea'.isecs  indique  dc  fai;on  claire  que  la  variabilile 
comporlemenlale  est  sensible  a  ses  propres  consequences,  el  pout  se 
comporler  cornme  n'lmporle  quel  autre  aspect  du  comporlemenl  {durCe, 
force,  laux..  ),  i  es  Iravaiix  souniciit  ccpciidaiil  d'un  biais  metliodolo- 
gique  Aucuii  lie  tonlrile  Ks  c(Ti.ls  de  riiilcrmilleiico  du  reiiforcLinciil  , 
au  fur  et  a  mesurg  qnc  IViilraiiu inent  se  iloroiilc,  le  reiiforccmenl  n'esl 
plus  coiilinu,  mais  devuiil  iiiUrinitleiit.  Or,  nous  avons  monlro  que 
I'inlermiltcnce  du  renforcement  a  tendance  a  aiigmcnler  la  variabilite 
spuiUanee,  facteur  qui  est  ici  inJissociable  du  renforccmerit  direct  de  la 
variabilile.  On  pourrait,  dc  incmc  ■'voquer  la  succession  de  pc-riodes 
d’extinction  pour  expliquer  ces  resu 

2  /  RtPOVSES  COMPLEXES 

Dans  une  tjche  deja  d^crile  (matrice  5  v  5  lampes),  Schwartz  ,  1 980  ; 
1982  a]  tente  dc  conditionner  la  variabilile  des  sequences  de  repenses 
en  renforijant  une  sequence  corrccte  si  ellc  csl  differenle  de  la  precedente 
(condition  de  variabiliU  minimale)  Les  pigeons,  qu'ils  soienl  naifs  ou 
experiment's,  dSveloppenl  une  sequence  qui  devienl  dominanle  malgri 
les  conlingences  de  variabiliU  Pcrikel  (19b2)  observe  des  comportemenls 
similaires  chez  le  rat  dans  une  liche  adaplte  5  ces  animaux  (matrice  4x4 
lampes  ,  2  Icviers  reponsc).  Schwartz  (1982  a),  emcllanl  I’hypolhfese  que 
les  pigeons  mallriscraicnl  la  conlingence  de  variabililS  si  leur  repertoire 
comporlemcnlal  conlcnail  au  moins  deux  sequences  dc  riJponscs,  con- 
frontc  des  animaux  cxp<>rimenl6s  5  deux  situations  d’apprenlissage  sue- 
cessives  Dans  un  premier  temps,  il  les  condilionne  a  alterncr  de  mani^re 
stride  deux  sequences  de  riponses  particulieres  differentes  durant  50 
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seances.  Dans  un  second  temps,  il  les  place  dans  ia  condition  de  varia¬ 
bility  minimale  (SO  siances).  Mime  si  S  la  fin  de  la  premiere  phase  el  au 
dybul  de  la  seconde,  les  pigeons  lendent  &  produire  les  deux  sequences  de 
r^ponses  avec  la  mSme  (riquence,  lors  des  derniyres  stances  de  la 
seconde  phase,  le  eomportemcnl  d’allci  nance  se  dtltriore  ct  unc  sequence 
dcvienl  doniinante.  Et  Tauleur  de  eoiiclure  :  • ...  alors  qu'il  est  clair  que 
le  renforcement  peut  ertcr  un  rtperloire  de  rtponses  varites  bien  que 
dyfinies  et  circonscrites,  il  n'est  pjis  date  qu’il  peut  accroUrc  la  variability 
per  le  ■  (SthwarU,  1982  u,  p.  17‘J)‘ 

I'our  Page  et  Neuriiiger  (>98S),  la  coiilraiiile  de  la  reponse  dthnic 
par  bcliwarlz  (4  coups  de  bec  sur  cliaquc  clt)  explique  son  tehee  i  condi- 
tionner  la  variability  eX  entratne  une  limitation  des  sequences  possibles. 
II  n’y  a  que  70  stquences  possibles  eontre  256  dans  une  situation  oil  les 
hulls  coups  de  bec  ne  doiverit  pas  ttre  tgalcment  reparlis  entre  Ics  deux 
cles  En  supprimanl  eette  conlraiiile  amsi  que  la  malrice  d'lndices  lumi- 
nuux,  CCS  auteurs  conditionnent  des  pigeons  a  tmettre  dcs  sequences  de 
hull  repoiises  sur  deux  cits  dlsponibles.  Les  pigeons  obtiennent  plus  de 
70  “o  de  renforcements  possibles  mcme  si  une  stquence  doit  ttre  difle- 
rente  des  50  pryciidentes  Les  siquences  ainsi  tmises  sonl  comparables 
a  cellcs  que  produil  un  gtnyrateur  de  nombres  pscudo  alcaloire 

En  contiilant  rmlcrmillente  du  rcnfortcmcnl  [yoked  control  design  ; 
les  renforeements  sonl  doiints  scion  Ic  inenie  pattern  tcmporel  que  prCct- 
deminent,  mais  ne  sonl  plus  contingents  a  la  variabilile  des  stiiuences), 
ils  demonlrenl  que  la  variability  observyc  n’est  pas  une  expression  spon- 
lanyc  liCe  a  I’intermitlence  du  renforcement  mais  qu’ellc  cst  bien  fonclion 
dcs  conlingences  de  celui-ci  Ils  incttcnt  cgalemenl  en  tvidence  que  la 
variability  peut  elre  placte  sous  le  conlrole  d  un  stimulus  discriminalif 
(allernance  d’exigence  d’une siquenccsleryotypte  ct  d'exigcnce  de  varia¬ 
bility)  A  la  diirtrence  de  Stliwarti,  Page  cl  Neuringer  monlrcnt  que  la 
variability  prisente  les  caraciyrisliques  d'un  optranl,  au  m6me  litre  que 
d'aulres  dimensions  de  la  rtponse  (force,  localisation  |  Lorsque  des 
pigeons  pryalablement  conditionnts  5  varier  Icurs  syquences  de  rtponses 
sonl  ensuile  places  dans  une  situation  identique  a  celle  ulilisye  par 
Schwartz  (matrice  5x5.4  coups  de  bec  sur  chaque  cle  ,  condition  de 
variability  minimale).  ils  obtiennent  des  rcsullals  comparables  aux  siens 
(40  "o  des  renforcements  possibles)  Toutelois,  la  cause  du  faible  pour- 


5  L'Ccliec  de  celle  tentative  a  det  fondemenli  mClhodologiques  Dans 
|j  premiere  phase,  deux  sequences  parliculiCres  sonl  slr  cteinenl  rcnforcees 
olurs  que  dans  la  condition  de  variability  minimale  loute  sequence  nouvelle 
l  est  egalemcnl  Cette  discordance  entre  tes  deu<.  phases  produirait  unc  inter¬ 
ference  entre  deux  types  d'operant  :  d'une  part,  les  deux  sequences  acquises 
devenues  mlCgrCcs  cl.  d'niitrc  pari,  di  s  sequences  de  rCponscs  jcMaposces 
d'un  niveau  de  coinplexiic  infCricur  Le  renfurccmenl  dcs  derniCres  inler- 
lercrail  avec  celui  des  sCquencci  alternontes  (cf.  Schwartz  el  Beilly  (1965', 
pour  uac  analyse  dyiaillCe  du  processus  d’interfyrence). 
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centage  de  renforccment  esl  diff^rente  :  ies  pigeons  de  Schwartz  ichouent 
parce  qii’ils  ont  tendance  k  repfler  la  mSme  sequence,  alors  que  pour  ceux 
de  Page  el  Neiinnger,  Pecliec  esl  dil  a  un  cinquifime  coup  dc  bee  sur  unc 
des  deux  cles.  Kn  outre,  Ies  sequences  de  r^ponses  imises  par  les  pigeons 
de  Schwarlz  sc  presentent  comme  des  uniUs  intfgr^os  cl  ins^cables,  alors 
que  thez  Page  el  Neiiriuger,  les  pigeons  dislribucnt  Icurs  riponses  de 
man\tre  quasi  alfatoire  L’analyse  des  stances  d’cntratnemenl  prtaiabics 
a  la  situation  de  variabililii  minimale  permel  d’expliquer  la  nature  diffc- 
renle  dcs  sequences  imises  Les  pigeons  de  Schwartz  diveloppeul  dts  ce 
Slade  une  sequence  dc  rtponses  fonctionnellemenl  inUgric  el  non  modi¬ 
fiable  En  elTel,  dans  la  p^riode  d’entratnement,  les  pigeons  doivent  pro- 
duirc  qualre  coups  dc  bee  sur  chaque  ck-  sans  exigence  de  variabililf, 
alors  que  chez  Page  el  Neurirrer,  les  pigeons  sonl  d'embke  plates  dans 
unc  situjt  on  on  ton  les  les  sequences  de  r6ponses  prod  ui  les  aliatoiremenl 
sont  renforc^es,  pour  aulanl  qu’elles  soient  dilTirentes  des  prcc^dentes 

A  parcr  dc  ccs  rbsullats,  quelques  ridexions  pcuvenl  ^t-e  faites  a 
propos  dc  la  ISche  ulilisile  par  Schwartz  Si  les  animaux  abordenl  la  sit  na¬ 
tion  en  imeltant  un  ensemble  de  sequences  de  r^ponses  «  juxlaposees  > 
variables  el  obtiennent  pou  de  ronforcemenls,  ils  ne  peuvent  optimaliser 
b  ur  gain  qu’en  mallrisanl  la  tAfhc  elle-meme  ,  cc  qui  entralne  unc  dimi¬ 
nution  de  la  vanabililt,  II  esl  des  tors  contradictoire  d’exiger  ullorieure- 
ment  la  vanalulitt  du  comporlcment  quand  il  n'existe  plus  qu’nnc  reponse 
inlCgrec  sous  une  forme  stereotypfe  dans  le  repertoire  de  I’animal 

Un  des  auteurs  dc  cel  arlirb-  'liou’auger,  10851  a  reussi  ti  condilionner 
la  variabtliie  des  sequences  de  reponscs  en  veil’.ont  a  ce  que  les  pigeons  ne 
puissent  devclopper  de  sequences  intigrees,  tout  en  maltrisant  la  mn- 
tromle  dc  dislnhution  egale  des  repoiises  sur  les  deux  cles  (mairite 
;  s  A  larnpcsl  OrAce  A  un  precntralnement  adequat*,  il  parvienl  a  etablir 
cbi'z  I'animal  un  repertoire  do  rCponses  caracierisc  par  dos  unites  ■  miru- 
males  •  dilTercntes  qui,  en  se  combinani,  permelleni  de  resoudre  la  lAfbc 
de  fafon  v.inee  Ce  type  dc  reperlnire  pent  etre  considere  comme  inter 
mcdiaire  entre  icliii  cree  par  S-  hwartz  et  celiii  des  pigeons  de  Page  et 
Nciiringer  Cependjiil,  meme  dans  ce  cas,  le  nombre  de  possibililes  est 
encore  fort  limite 

D  —  CON'CLUSION 

Si  on  reprend  I'analogie  avec  la  theorie  de  revolution,  on  pourrail 
affirmer,  apres  celte  breve  revue  de  la  lilterature,  que  Ies  donnees  acluelh  s 
concernent  plus  les  mecanismes  seieclifs  que  les  mecanismes  de  la  varia¬ 
bility  comportementale  L’absence  d’une  coherence  au  niveau  des  resiil 

G  En  allumonl  Je  fatoii  aieatoire,  ou  debut  dc  clinquc  essji,  ilcs  lai  i|ics 
de  plus  en  plus  CloignCcs  du  but,  il  amene  progressiveme nl  les  pigeons  a 
opCrer  des  iCries  de  discriminations  iucceisives 
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tats  empiriques  est  claire  :  ceux  ci  sont  parfois  contradicloires,  parfois 
non  comparables,  et  inexislanls  dans  certains  domaines  (Ic  ihaping  ou  les 
relations  entre  vanabilitt  et  Emotions,  par  cxemple)  Les  axes  autour 
desquels  les  rechertties  sont  orgatiistcs  nc  sont  pas  ividents,  et  les  varia¬ 
bles  ^tudi^es  jusqu'a  present  out  ite  •  import^es  •  de  I'itude  des  m^ca- 
nismes  sficclifs  (par  ex  :  renforcemcnt,  extinction,  intermittence,  etc  ) 
D'aulre  pai  l,  celte  mdiiic  revue  illiisirc  la  possiblit^  technique  el  milho- 
dologiquc  d’une  ^tiide  dc  la  vaii.ibilile  cn  taut  qiie  variable  (cf.  Lcpley, 
1954) 

Api'Ss  le  resume  dcs  doiinees  cx|i6rimeiilalcs  cl  dc  qiicl(]iics  problimcs 
sp^cifiques,  un  ensemble  dc  redcxions  gen^ralcs  el  la  presentation  de 
queUiucs  voios  de  reclicrehc  sembleiit  s’imposer 

—  Si  le  renforcemcnt  contingent  a  one  dimension  dii  comporlement , 
coniine  la  force  on  la  localisation,  conduit  a  line  diminution  de  la  varia- 
liilile,  le  processus  rcsponsalde  de  ee  l  effet  n’a  pas  iU  directemenl  itudif 
I'lusieurs  bypotliCses  ont  etc  proposec-s  a  des  niveaux  dilTerenls  : 

aj  Effet  dc  la  relation  do  conlingericc  (renforcement  diffcrenliel),  gene 
rairment  non  contrAle  par  rexpCnmentatenr,  entre  certaines  varian- 
tes  de  la  rCponsc  et  I'obtention  du  rcnforccnient  , 
h !  Effet  de.'  contigiiites  temp'orelles  accidentelles  entre  certaines  valmrs 
de  la  dimension  comportementali  cnvisagce  (unc  durce  particulierc 
de  la  rtponse,  par  exomf.lc  et  le  renforcemcnt,  cc  qui  pouirail  eri- 
trainer,  de  fa^on  aiitomalique,  raugmcntalion  de  la  probability 
d'emission  dc  ryponscs  ayanl  cettc'  durce  La  styrfotypie  scrail  alors 
i'effet  dc  la  r^pytition  de  ce  cycle  , 

c !  A  un  autre  niveau,  cet  cfTet  serait  du  a  la  maximalisalion  du  rapport 
cofits  gains  4nergf  tiqnc'  (au  moms  en  re  qui  concerne  la  durce,  la 
force  ou  la  latcnce  de  la  rfponse  ,  d'autres  dimensions  telles  que  la 
localisation  ne  se  pretent  pas  atissi  aisf-ment  6  cctle  interpretaticn) 

Ces  hypotheses  n’ytant  pas  yquivalentes  —  telles  qu'dles  sont  for- 
muiyes  —  line  recherche  plus  approfondic  dcs  processus  qui  rcduisent  la 
variabilile  comporlemenlale  s’avtre  indispensable. 

—  La  phase  d'elaboration  de  shaping  de  la  rSponse  est  un  moment 
privilegiy  d'inleraction  entre  la  variability  et  la  selection  des  comporte- 
mcnls  Cependant,  pen  d'etudes  ont  ete  lonsacryes  a  ce  processus  (les 
travaux  de  Platt  (1979)  cependant,  font  I'exception) 

—  Une  caracteristique  commune  a  tons  les  travaux  recenses  est 
leur  limitation  i  IVtude  dc  la  variability  b  I’inlerieur  d’une  classe  com- 
portementale  De  plus,  I'attention  a  porte  sur  une  seule  dimension  du 
comportement  b  riniyricur  de  cctle  classe  (par  exenijile,  la  force  de  la 
repi'iise  opfrantei  1  .’elargisscmcnt  des  eludes  a  plusieurs  classes  et 
dimt  iisions  du  compoi  teineul  (Noltemian  el  Mintz,  19G5)  conlribuerail 
j  rlriritirr  les  rontradn  tions  reb-vecs  d.vns  les  recherrlies  piitiliCes  jusqu'a 
presen  I 
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—  Dans  le  cadre  de  la  variabiliU  opCranle,  les  quelques  resultals 
pr^senl^s  ci-dessus,  qui  exigent  des  rtplicalions  el  extensions  a  d’autres 
comportements  et  i  d'auties  csptces.  nous  amenciit  k  douter  de  la  vali¬ 
dity  de  cerlaines  conceptions  de  I'apprentissage  et  du  renforcemenl  (telle 
que  Tapprenlissage  con{u  comme  perle,  puisqu'il  reduil  le  polentici  de 
variability)  Cerlaines  expyrieiices  inJiqiicnt,  par  contre,  que  le  rcnfor- 
lement  n'liiduil  pas  nyccssairenieiil  la  steryolypie  el  peut  meine  augmcii- 
ter  la  vai  iabilite  d’une  classc  optrante.  L'ytude  de  ce  phynoinyne  — *ren- 
forcement  difTerentiel  de  la  variabilite  —  pourra  fournir  uii  outil  impor¬ 
tant  dans  la  compi-yiiension  de  la  flexibility  et  du  degre  de  dirryrenciation 
possible  des  divcrses  classes  comporlcmcnlales  (Pryor  et  ai  ,  1069)  Dans 
ce  contcxte  on  peut  pcnser  qu'une  des  conditions  necessaircs  au  condi- 
lionnemciit  de  la  variabilite  pourrait  yire  I’exisleiicc,  dans  le  repertoire 
de  raiumal,  d’elemcnts  coiiiportcmcntaiix  dilTerenls,  soil  issus  dc  varia¬ 
bles  phylcgeiit-tiqiics,  soil  acquis  pendant  I'onlogeiiese  On  devuit 
s'allendre  a  conditionncr  plus  facilemenl  la  variabilite  eliei  des  indi- 
Vidus  qiii  prosentent  des  repertoires  coinportementaux  plus  rnlies 
iKii  th'Ile,  lO'O  ;  ef.  Ogalcnieiit  les  travanx  stir  les  ■  lOntr.iinlcs  snr  Tap- 
I  reiitissage  -i 

—  L’lie  des  la-  lines  majeiiros  de  I'etnde  cxpei  iruerilale  de  la  vana- 
I'llite  est  I  'abseil,  c  de  travanx  sitin.s  dans  une  perspective  ontogere.  tique 
Queiques  auteurs  (Teitelbaiim,  lOTT  .  Segal,  loTi)  out  considcre  qiie  b 
r.,mporlemrrit  operant  se  deviloppe  a  partir  du  comporlcmcnl  r  fl.  xe 
present  aiix  premiers  stades  Jn  d-:  v,  loppennent  f'es  ■,  tiides  siiniiairi  s  sur 
la  variabilite  l•ompol•tcmentale  seuient  impoitanles  pinsqu’elles  r.oiis 
Jideraient  a  clarifier  les  elTets  dus  a  I’exposition  precocc  a  des  onvireii 
iiemonts  [dus  ou  moms  rubes  el  ceux  dns  a  des  cxperiein  es  plus  ou  rnoins 
vanecs 

Ces  deux  dcrnieres  rcmarqius  ouvrent  de  nouvellcs  pcrspeeiives  de 
recherche,  non  seiilemciit  dans  le  domame  de  rapprentissage  el  Ju 
developpemcnt,  mats  aiissi  dans  ceux  de  I'ethulogie  el  de  la  psychologic 
comparee 


B£SVM£ 

Le  but  de  cette  revue,  qni  Jrrsse  un  hlan  des  connaissaiices  relatives 
a  la  viiriabiliti  coruportetnentale  en  conditionneineut  optiant  chez  iaiurual, 
est  d'ouvrir  la  vote  au-z  recherches  futures  Les  recherches  prisentees  Sant 
organisees  aulour  de  deux  axes  1)  L’examcn  de  la  vanabiUti  spontante 
de  la  expanse  optrante  en  fonetton  de  divers  facteurs  ;  et,  2)  L'itude  des 
possibilit^s  de  renforcemenl  sileciif  des  variations  de  la  rCponse  op(rnnie 
—  variabiltie  requise  A  V issue  dr  cette  revue,  il  npparuit  clai-enient  que 
les  m^canisrrics  de  variation  ont  eiy  beaucoiip  mains  eiiidies  que  les  ineca- 
nisrnet  de  s^lectivii  du  co/nportement  ( ntCcufiisnies  poiirtant  cvnipUtnen- 
taires  en  thiorie  de  I'apprentissage ) .  Quelques  resiiliiits  laissent  enlrevoir 
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la  possibtUii  de  considerer  la  variabiiiU  coniporteuientale  comme  une 
dimension  inhtrente  au  compc-ie  neiU,  sensible  aux  conlingences  de  ren- 
forcemeni ,  comme  le  sont  la  ft  ^  -  la  ditrie  . 

Mois  eles  oaeiabiliti  c  srleinenlale ,  condilionneinenl  opirani, 
annual 
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Abstract 

The  present  investigation  developed  and  tested  a  new 
Percentile  Reinforcement  Schedule  (Platt,  1973),  suited  to  study 
pattern  variability,  and  whose  main  feature  was  the  relative 
dissociation  it  provided  between  the  variability  requirement 
defining  criterion  responses  and  overall  probability  of 
reinforcement.  In  a  discrete-trials  procedure,  pigeons  produced 
patterns  of  4  pecks  on  two  response  keys.  If  the  pattern  emitted 
on  the  current  trial  differed  from  the  N  preceding  patterns, 
reinforcement  was  delivered  with  probability  u.  The  schedule 
continuously  adjusted  the  criterion  N  such  that  the  probability 
of  a  criterion  response,  estimated  from  the  subject’s  recent 
behavior ,  was  always  constant-  In  these  circumstances,  the 
criterion  corresponded  to  a  percentile  point. 

Using  a  between-subjects  design.  Experiment  1  manipulated 
the  variability  requirement  -  ttie  percentile  -  while  keeping 
reinforcement  probability  constant.  It  was  found  that  the  degree 
of  variability  directly  varied  with  ttie  requirement.  In  addition, 
an  inverse  relationship  existed  between  the  requirenient  and 
within-group  variance.  E-xperiment  2  manipulated  probability  of 
rcinfot  cement  w'hile  maintaining  the  variability  requirement 
constant.  No  consiotenL  relat ionstiip  w.ns  found  between 
variability  and  reinforcement  probability.  A  tentative  hypothesis 
was  advanced  ascribing  the  operant  conditioning  of  beliavioral 
variability  to  a  process  of  pi'obability  deperidcnt  selection. 

The  Percentile  Schedule  presented  some  1  Inn ta t i ons , 
particularly  when  ttie  subject's  behavior  was  highly  stereotyped. 
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Suggestions  were  made  to  overcome  these  limitations  and  further 
improve  the  schedule. 


Ke^v  Uords:  operant  variability,  i  ntei  mi  t  terit  reinforcemrnl  , 
Percentile  Reinforcement  Schedule,  key  peck,  pigeons. 
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OPER/\NT  CONDITIONING  OF  BEHAVIORAL  VARIABILITY  USING  A  PERCENTILE 

REINFORCEMENT  SCHEDULE 

The  usual  procedure  to  condition  behavioral  variability 
involves  the  delivery  of  a  reinforcer  u/henever  the  current 
response  differs  from  one  or  more  previously  emitted  responses 
(e.g.,  Morris,  1987;  Ncuringer,  1986;  Page  and  Neuringer,  1985; 
Pryor,  Haag  and  O'Reilly,  1969;  Schoenfeld,  Harris  and  Farmer, 
1962).  Results  from  these  studies  suggest  that  variability  is  a 
property  of  behavior  that  is  sensitive  to  its  consequences  and, 
therefore,  amenable  to  operant  conditioning.  However,  when 
rcinforcer  delivery  depends  on  variable  responding,  another 
source  of  response  variability  -  the  intermi ttency  of  reinforce¬ 
ment  -  is  s  iniul  tanecusly  present.  That  is,  the  effects  of  tfie 
operant  contingency  will  probably  be  confounded  with  the  effects 
of  rei  n  f  orcement  intermi  t  tency  (for  a  review'  of  the  effects  of 
reinforcement  intermi  ttency  on  beliavioral  variatiility  see 
Boulanger,  Ingebos,  Lahack,  Machado  and  Richele,  1987). 

Therefore,  no  clear  demonstrot ion  of  the  operant  conditioning  of 
behavioral  variability  is  possible  if  the  elicited  effects  of 
reinforcement  i  ntermi  t  tency  are  not  adequately  controlled  .  F^agc 
and  Neuringer  (1985,  E.sperinient  5),  were  the  only  autliors  that 
adres'^ed  this  problem  using  a  self-yokerl  control  design. 
Initially,  pigeons  were  rew'arded  if  their  pattern  of  eight  pecks 
to  left  and  right  response  keys  during  the  current  trial  differed 
from  the  patterns  of  the  last  50  trials.  This  procedure 
engendered  a  tiigh  degree  of  behavioral  variability.  Next,  the 
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sequence  of  reinforced  and  unreinforced  trials,  obtained  in  the 
last  6  sessions,  u/as  repeated  u/ithout  any  variability 
requirement,  i.e.,  variability  u/as  permitted  but  not  demanded. 
Behavioral  variability  sharply  decreased,  notwithstanding  the 
same  intermi t tency  of  reinforcement.  It  was  concluded  that  the 
initially  observed  variability  was  not  a  respondent  effect  of  the 
schedule  of  reinforcement. 

However,  when  the  variability  requirement  is  manipulated 
(see  Page  and  Neuringer,  1985,  Experiment  3,  in  which  the 
critcriof!  for  reinforcement  varied  from  1,  i.e.,  the  current 
pattern  had  to  differ  from  ttie  preceding  one,  to  50,  i.e.,  the 
current  pattern  had  to  differ  from  every  pattern  emitted  on  the 
last  50  trials)  it  is  not  clear  w-hat  procedure  should  be  used  to 
control  ttic  associated  changes  in  reinforcement  frequency  (in 
fact,  ill  Page  and  Neuringer 's  experiment,  no  control  was  used). 
Second,  the  procedure  does  not  allow'  tfie  study  of  the  effects  of 
reinfor  cement  fr  equency  on  operant  variability.  In  other  words,  if 
ttic  experimenter  wis)ies  to  study  the  interaction  between  operaiit 
and  elicited  variability,  he  must  be  able  to  vary  the  frequency 
of  reinforcement  while  keeping  a  constant  variability 
requirement,  the  opposite  of  the  first  point.  Nonetheless,  in  the 
procedure  described  above,  frequency  of  reinforcement  cannot  be 
an  independent  variable  because'  it  is  partially  determined  by  the 
subject's  behavior  itself.  Finally,  an  adequate  control  of  the 
eliciting  effects  of  intermittent  reinforcement  implies  a 
constant  jirobability  of  reinforcenif-nt  througtiout  the  session, 
i.e.,  on  a  trial  by  trial  basis,  and  not  only  from  session  to 
session . 
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The  yoked  control  design  is  a  step  in  the  right  direction, 
but  from  the  preceding  analysis  it  is  clear  that  a  more 
appropriate  procedure  is  needed  (see  also  Church,  1966,  for  some 
intrinsic  problems  of  yoked  control  designs).  Such  procedure  must 
allou/  the  manipulation  of  the  variability  criterion  -  from  hou/ 
many  patterns  must  the  current  response  differ  from  if 
reinforcement  is  to  be  delivered?  -  vuhile  simultaneously 
controlling  the  overall  probability  of  reinforcement.  Developing 
and  testing  such  procedure  aas  the  main  goal  of  the  present 
research . 

Probability  of  reinforcement  can  be  adequately  handled  if 
the  e.xper imenter  controls  the  probability  of  a  criterion 
response.  Hoaever,  this  is  not  possible  if  the  criterion  is  kept 
physically  constant  because  learning  continuously  changes  the 
proportion  of  the  subjects's  behavior  meeting  ttie  criterion.  To 
elucidate  the  difficulty  consider  ttie  situation  described  earlier 
that  constituted  the  starting  point  of  this  research:  in  a 
discrete-trials  procedure,  pigeons  are  required  to  generate 
patterns  of,  say,  4  pecks  on  two  response  keys.  Ttie  pattern 
produced  on  trial  N  is  then  compared  witti  the  patterns  produced 
on  trials  N-1 ,  N-2 ,  etc.,  until  a  match  is  found.  The  number  of 
intermediate  patterns  is  the  variability  score  of  the  current 
pattern.  Another  way  to  think  about  this  task  is  that 

only  16  sequences  are  possible  (2*).  Consequently,  the  current 
sequence  has  most  likely  occurred  in  the  past  and  the  number  of 
trials  between  its  last  occurrence  and  the  present  recurrence  is 
the  variability  score  of  the  current  sequence.  Assuming  no 
sequential  dependencies  from  trial  to  trial  (see  Bryant  and 
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Church.  1974;  Page  and  Neuringer,  1985),  the  probability  of  a 
particular  variability  score  x  is  given  by  the  geometric 
distribution 

Pr(x)-  p  (1-p)*  (1) 

where  p  stands  for  the  p’'obability  of  a  repetition,  (see  Figure 
1 )  . 


INSERT  FIGURE  1  ABOUT  HERE 


Greater  variability  means  a  smaller  p  and,  when  all  sequences  are 
equally  likely,  p  is  1/16,  .0625.  If  a  fi.xed  variability  score 
is  settled  as  a  requirement  to  reinforcement,  as  in  Page  arid 
Neuringer 's  (1985)  experiments,  then  with  a  progressive  incrcosc 
in  variability  (e.g.,  from  p“.15  to  p-.0625  in  Figure  1),  the 
proportion  of  tlie  pigeon’s  behavior  meeting  the  criterion 
increases  (the  sum  of  all  probability  values  at  the  right  side  of 
the  criterion  in  Figure  1),  and  so  docs  overall  reinforcement 
probability  (assuming  that  all  criterion  responses  are 
reinforced).  This  probleni  is  critical  if  the  effects  of  different 
criteria  are  being  compared  because  they  will  be  interwoven  with 
the  effects  due  to  conc:urrent  clianges  in  reinforcement  frequency. 

One  alternative  which  allows  control  of  reinforcement 
frequency  is  to  adjust  the  critcrioti  relative  to  the  current 
level  of  variability  bci.ig  exhibited.  In  other  words,  increase 
(respectively,  decrease)  ttic  criterion  whenever  the  subject's 
behavior  is  becoming  more  (respectively,  less)  variable.  Iri 
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addition,  the  Magnitude  of  this  adjustment  is  such  that  the 
expec  ted  Piohubility  of  a  criterion  response,  that  is.  the 
expected  probability  the  next  variability  score  'i/ill  be  more 
excessive  t*'"an  our  criterion  number,  is  alu/ays  constant .  T  o 
accomplish  these  tu/o  conditions,  the  distribut  ■’ on  of  the 
subject's  recent  variability  scores  is  used  as  a  sample  from 
vihich  an  experimentally-specified  percentile  point  is  calculated. 
This  percentile  point  ivill  be  the  variability  requirement  on  the 
next  trial.  Ey  continuously  updating  the  sample  -  dropping  the 
old  and  adding  the  recent  variability  scores  -  and  adjusting  the 
criterion  as  specified,  the  procedure  is  able  to  handle  the 
probability  of  a  criterion  response.  This  probability  is  the 
complement  of  the  percentile  (e.g.,  to  obtax.i  criterion  responses 
uith  probability  .3,  the  70th  percentile  is  chosen).  In  order  to 
haie  different  variability  requirements  the  experimenter 
specifics  different  percentile  values.  Finally,  to  obtain  a 
certain  probability  of  reinforcement  per  trial,  P(S+),  the 
e.xperiir, enter  adjusts  the  condi  t  ional  probability  of 
reinforcement  given  a  criterion  response,  P(S+/Cr),  to  rhe 
uncondl 1 i onal  probability  of  a  criterion  response,  P(Cr), 
according  to  Equation  2  . 

P(S+ )-P(Cr )*P{S+/Cr)  (2) 

Thus,  to  obtain  an  overall  probability  of  reinforcement,  P(S+), 
of  .3  having  chosen  the  40th  percentile,  i.e.,  P(Cr)-.60,  the 
P(S+/Cr)  u/ould  be  set  at  .50.  The  schedule  so  defined  con  esr^onds 
to  a  Percentile  Reinforcement  Schedule  (sec  Davis  and  Piatt, 

1933;  Scott  and  Platt,  1985,  and  specially  Platt,  1973,  for  a 
thorough  discussion  of  Percentile  Reinforcement  Schedules). 
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In  short,  u/ith  this  procedure  the  variability  requirement  is 
relatively  dissociated  from  the  overall  probability  of 
reinforcement.  The  remainder  of  this  article  presents  two 
experiments  where  the  effects  on  behavioral  variability  of  both 
factors  were  independently  assessed. 

EXPERIMENT  1 

Page  and  Neuringer  (1985,  experiments  3  and  5)  not  only 
found  that  variability  increased  wlien  patterns  unlike  those 
produced  during  the  N  preceding  trials  were  differentially 
reinforced,  but  also  that  the  degree  of  variability  directly 
varied  with  N,  The  present  experiment  attempted  to  reproduce  this 
relationship  between  required  and  obtained  variability  using  a 
Percentile  Reinforcement  Scliedule  that  handles  reinforcement 
probability  constant. 


METHOD 

Subjects 

The  subjects  were  experimental ly-nalve  homing  pigeons 
( columba  1 i via ) .  Each  pigeon  was  maintained  at  80%  (+  10  g)  of 
its  free-feeding  body  weight.  Water  and  grit  were  continuously 
available  in  ttieir  home  cages  and  a  12-hour  light-dark  cycle  was 
iti  effect. 

Apparatus 

The  e.xperimental  chamber  was  32  cm  along  the  sides  and  4  5  cm 
tiigh.  The  floor  was  wire  mesh  and  all  walls  and  the  ceiling  u'eie 
Plexiglas.  The  front  wall  was  covered  with  black  paper.  The 
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chamber  u/as  located  in  a  sound  attenuating  box  and  u/hite  noise 
uas  permanently  present.  A  one-vuay  mirror  parallel  to  the  front 
panel  permitted  observation. 

The  front  wall  was  equipped  with  two  centered  response  keys, 
23  cm  above  the  floor,  2.2  cm  in  diameter  and  5  cm  center  to 
center.  Directly  below  the  keys  a  4.5  x  7  cm  hopper  opening,  7  cm 
from  the  floor,  permitted  access  to  grain. 

Each  key  could  be  illuminated  with  a  5-W  orange  light  and  a 
lOO-Uf  white  houselight,  permanently  lit,  was  located  on  the 
ceiling  of  the  outer  box,  90  cm  above  the  front  wall.  A  7.5-U/ 
white  light  illviminated  the  hopper  when  mixed  grain  was 
delivered.  A  force  of  0.2  N  on  either  response  key  operated  a 
microswitch  producing  an  audible  click.  All  events  were 
controlled  and  data  were  recorded  by  a  Comn»odore  64  computer. 

Procedure 

Fretraining.  Sessions  were  conducted  daily  at  approximately 
the  same  hour  (9:00  a  m) .  All  pigeons  were  trained  to  peck  both 
keys  under  a  modified  autoshaping  procedure  developed  by  Schwartz 
(1980).  After  variable  intertrial  intervals  (inean-SO  s)  one  or 
both  keys  were  randomly  lit  for  6  s  after  which  reinforcement  (4- 
s  access  to  grain)  was  delivered.  During  reinforcement  the 
keylights  were  turned  off.  If  a  peck  occurred  on  an  illuminated 
key,  food  was  presented.  Each  session  ended  wticn  50  reinforcers 
had  been  delivered.  Autoshaping  lasted  4  or  5  sessions. 

Ttie  experimental  sessions  ended  after  100  trials.  At  tt>e 
beginning  of  each  trial,  both  keys  were  illunirtated.  A  peck  on 
either  key  turned  off  both  keylights  for  a  1-s  interpeck 
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interval.  Pecks  during  this  period  reset  the  interval  but  u/ere 
ignored  for  all  other  purposes.  After  4  pecks,  either 
reinforcement  or  timeout  followed.  Reinforcement  consisted  of  4-s 
access  to  grain  during  which  the  hopper  light  was  lit,  and  both 
keylights  were  turned  off.  Timeout  also  lasted  4  s,  the  keylights 
were  off  but  the  house  light  remained  illuminated.  Pecks  during 
the  timeout  reset  the  interval  but  had  no  other  scheduled 
consequences.  The  only  difference  between  the  interpeck  interval 
and  the  timeout  was  the  duration  of  these  events. 

Before  the  experiment  proper,  a  transition  phase  was 
implemented  for  4  sessions.  One  key  was  randomly  lit  (and  not 
both  as  in  the  experiment  proper)  until  a  keypeck  occurred.  The 
probability  of  reinforcement  after  4  pecks  was  gradually 
decreased  from  1  to  .4  and  the  number  of  trials  increased  from  50 
to  100.  All  other  procedural  details  remained  the  same  (see 
above).  This  phase  also  assured  an  adequate  sampling  of  both 
response  keys. 

The  Percentile  Reinforcement  Schedule.  U/hericver  a  sequence 
of  4  pecks  was  completed,  it  was  given  a  variability  score  equal 
to  the  number  of  sequences  intervening  between  the  current 
sequence  and  the  most  recent  one  it  matched  (to  a  maximum  of 
50).  If  this  variability  score  was  greater  than  a  criterion 
number,  reinforcement  was  delivered  with  probability 
u  -  P(S+/Cr).  All  other  sequences  ended  in  timeout.  To  control 
the  probability  of  a  criterion  response,  P(Cr),  the  variability 
scores  of  tlie  most  recent  20  sequences  were  rank  ordered,  and  the 
variability  score  corresponding  to  an  experimentally-specified 
percentile  was  determined.  The  percentile  was  tlie  one  for  which 
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the  complement  yielded  the  appropriate  probability  of  a  criterion 
response.  Table  1  presents  a  hypothetical  example,  showing  the 
absolute  and  the  cumulative  frequencies  of  each  variability  score 
in  the  last  20  trials. 


INSERT  TABLE  1  ABOUT  HERE 


Suppose  that  the  70th  percentile  is  being  used  and  the  overall 
probability  of  reinforcement  is  set  to  P(S+)-.3.  Thus,  P(Cr)-.3 
and,  according  to  Equation  2,  P(S+/Cr)-l.  Counting  from  below  to 
include  14-{20)(.7)  variability  scores  gives  us  the  criterion 
number  for  the  next  trial  (5,  in  this  case).  As  no  ties  exist, 

1. e.,  no  more  ttian  one  sequence  had  a  score  of  5,  tfie  next 
sequence  u/ill  be  reinforced  if  its  variability  score  strictly 
exceeds  5,  However,  if  the  25th  percentile  is  being  used, 
P(Cr)«.75  and  the  criterion  will  be  set  at  2.  To  have  P(S+)-.3, 
tfie  P(S+/Cr)  is  adjusted  to  .4.  In  this  case  soine  ties  exist  and 
so  if  the  next  sequence  has  a  variability  score  (a)  greater  than 

2,  it  will  be  reinforced  with  probability  .4,  (b)  excjctly  2,  it 
will  be  reinforced  with  the  desired  overall  probability,  .3. 

Tills  algorithm  was  always  used  except  W'hen  the  criterion  was 
zero.  Whether  tics  were  present  or  not,  zero  variability  scores, 
i.e.,  repetitions,  were  never  reinforced.  Anotiier  decision 
concerned  the  maximum  allowed  criterion  number.  Suppose  the 
criterion  is  set  to  30.  This  means  that  tiie  next  sequence  stiould 
differ  from  at  least  the  preceding  30  patterns  in  order  to  be 

^  /  - 
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reinforceable .  Nonetheless,  an  'impossible'  situation  would  occur 
if  all  the  16  possible  sequences  were  among  the  last  30.  This 
'impossible'  situation  is  most  likely  if  the  subject's  behavior 
is  highly  variable  and  a  high  percentile  is  currently  being  used. 
To  prevent  its  occurrence,  the  maximum  criterion  number  was  set 
at  25  because  the  probability  of  emitting  the  16  sequences  on  the 
last  25  trials,  assuming  random  responding,  is  less  then  .01  (in 
fact,  it  occurred  only  once  throughout  the  present  experiments; 
in  this  case  the  criterion  was  set  to  the  highest  possible 
score).  The  slight  underestimation  of  the  probability  of 
criterion  responses  stemming  from  this  limitation,  was  thought  to 
be  meaningless. 

In  the  first  session,  the  first  trial  was  followed  by 
reinforcement  and  before  the  20th  trial  had  occurred  the 
criterion  was  calculated  from  all  previous  scores  without  any 
adjustment  of  reinforcement  probability.  From  the  second  session 
afterwards,  the  last  20  variability  scores  each  subject  produced 
in  the  previous  session  were  loaded  into  the  computer's  memory 
and  were  used  to  compute  the  initial  criteria.  Also,  ttie  initial 
patterns  of  ttie  current  session  were  compared  with  the  last 
patterns  emitted  on  the  preceding  session  until  their 
corresponding  variability  scores  were  found.  This  meant  tiiat 
birds  were  from  then  on  running  a  sort  of  a  long  continuous 
session. 

Foi  this  experiment,  18  pigeoris  were  randomly  assigned  to  4 


groups  (see  Table  2). 


INSERT  TABLE  2  ABOUT  HERE 


For  all  groups  P(S+)-.3  and  the  25th,  50th,  and  70th  percentiles 
were  used  u/ith  groups  III,  II,  and  I.  In  Group  IV  no  requirement 
was  imposed,  i.e.,  all  sequences  were  eligible  for 
reinforcement.  This  group  permitted  an  assessment  of  the  elicited 
effects  of  reinforcement  interrni ttency  in  the  absence  of  any 
variability  requirement.  If  variability  is  a  differentiable 
response  property  it  was  expected  that  Groups  I,  II,  III,  and  IV 
u.'ould  be  ranked  in  this  order  on  the  variability  measures. 
Subjects  received  from  20  to  32  sessions  until  mean  variability 
scores  were  visually  stable. 


RESULTS 

Figure  2  shoas  the  number  of  reinforcers  earned  by  each  bird 
on  each  session  (excluding  the  first  one)  and  the  95%  confidence 
intervals  -  normal  approxin\ation  to  the  binomial  distribution 
u/ith  mean  equal  to  30-(.3)(100)  and  standard  deviation  equal  to 
4.58-/(  .3)( .7)(100). 


INSERT  FIGURE  2  ABOUT  HERE 
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Table  2  shows  seme  summary  statistics  of  these  distributions. 
Observed  values  were  close  to,  but  slightly  above,  30,  the 
predicted  value  for  all  groups.  This  was  most  evident  in  groups 

I,  II,  and  III.  Standard  deviations  were  also  similar  in  groups 

II,  III,  and  IV,  but  smaller  in  Group  I.  Several  factors  might 
account  for  these  slight  deviations,  such  as  the  previously 
mentioned  underestimation  of  response  probability  for  Group  1, 
the  sample  size  from  whicli  the  criterion  was  calculated,  the 
algoritlim  deciding  what  do  to  when  ranks  tied  (see  above),  and 
even  the  computer's  pseudo-random  generator!  In  any  case,  the 
magnitude  of  these  anomalies  was  not  large  enough  to  undermine 
the  analysis  that  follow. 

The  mean  variability  score  each  bird  obtained  in  the  last  5 
sessions  (taken  as  a  long  session  of  500  trials),  is  shown  in 
Figure  3  (individual  values  are  shown  in  Table  2). 


INSERT  FIGURE  3  ABOUT  HERE 


Random  responding  would  produce  a  mean  variability  score  of  15, 
the  expected  number  of  trials  before  repedting  a  particular 
pattern.  An  ANOVA  by  ranks  (see  Meddis,  1984)  supported  the  idea 
that  the  amount  of  variability  depended  on  t!ie  lequirement  - 
Z-3.63,  p<,001  (specific  alternative  hypothesis,  Hi:  M4<M3<M2<M1 , 
uhere  M4  m':ans  expected  mean  rank  oi  Group  4,  etc.).  Group  I 
generated  highly  variable  behavior  whereas  four  birds  of  Group  IV 
(variability  was  permitted  but  not  required),  soon  directed 
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almost  all  pecks  to  one  or  the  other  key.  Groups  II  and  III 
produced  intermediate  degrees  of  variability. 

Another  useful  measure  of  sequence  variability  is 
Uncertainty  (U),  derived  from  Information  Theory  (see  Miller  & 
Frick,  1949;  Attneave,  1959;  Page  &  Neuringer,  1985).  U  was 
computed  according  to  the  following  equation 

U  -  -Z  pi  •  logi  (Pi  )  ( 1) 

where  U  means  Uncertainty  measured  in  bits,  pi  stands  for  the 
probability  of  sequence  i  ,  and  Z  means  the  sum  for  all  16 
sequences.  Uncertainty  is  maximal  when  the  16  patterns  are  all 
equally  likely,  i.e.,  each  one  having  a  probability  of  1/16.  In 
this  case  U-4  bits.  Uncertainty  is  minimal  if  one  pattern 
dominates  all  the  others,  i.e.,  only  one  sequence  is  emitted.  In 
this  case  U-0.  Figure  4  shows  mean  U  values  in  the  last  5 
sessions . 


INSERT  FIGURE  4  ABOUT  HERE 


The  trend  was  the  same  as  in  Figure  3,  that  is,  variability  was  a 
negatively  accelerated  function  of  the  requirement.  Taken 
together,  these  findings  are  consistent  with  the  results  reported 
by  Page  and  Neuringer,  (1985). 

Intersubject  differences  were  another  important  aspect  of 
the  data  (see  Figures  3  and  4).  The  magnitude  of  these 
differences  was  inversely  related  to  the  requirement.  Even  when 
no  variability  was  needed,  birds  #13  and  #15  of  Group  IV  still 
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maintained  a  certain  amount  of  variation,  whereas  the  other 
birds'  modal  sequence  represented  exclusive  responding  on  one 
key,  accounting  from  80%  to  92%  of  their  behavior.  Page  and 
Neui'inger  (1985,  Experiment  5)  had  already  observed  important 
intersubject  differences  when  the  variability  requirement  had 
been  totally  eliminated. 

Birds  #3  and  #4  of  Group  III  also  maintained  a  high  degree 
of  variability  in  the  presence  of  a  very  low  requirement.  Birds 
in  this  group  showed  a  different  kind  of  stereotypic  behavior. 
For  Bird  #12  sequences  LLLL  and  RLLL  accounted  for  60%  of  its 
behavior;  for  Bird  #8,  modal  sequences  revealed  a  'switching 
stereotypy'  (LLLL,  RLLL,  RRLL,  and  RRRL,  accounting  for  86%;  the 
Bird  scarcely  switched  from  the  left  to  the  right  key);  for  Bird 
#3,  stereotypy  was  exhibited  on  the  last  peck  of  the  sequence 
(79%  of  these  pecks  on  the  right  key  and  only  21%  of  the  left 
key).  On  the  other  hand,  groups  I  and  II  showed  a  very  small 
spread  in  individual  subjects'  data.  The  only  stereotypical 
feature  in  Group  II  was  a  preference,  in  birds  #5,  #6  and  #11, 
for  tlie  right  key  at  the  beginning  of  each  sequence  (from  61%  to 
63%).  Birds  in  Group  I  generated  higtily  unpredictable  behavior. 
As  an  e.xatnple.  Figure  5  presents  the  frequency  of  each 
variability  score  for  Bird  #1  and  the  predicted  values  assuming 
random  responding  (see  Equation  1). 


INSERT  FIGURE  5  ABOUT  HFRE 


A  Chi  square  test  shou/ed  no  significant  difference  betu/een  the 
tvjLO  distributions,  Xr  (36)-37 .44 ,  p>.40. 

DISCUSSION 

The  Percentile  Reinforcement  Schedule  performed 
appropriately.  The  probability  of  a  criterion  response  u/as,  in 
each  case,  close  to  the  predicted  value,  and,  consequently,  the 
probability  of  reinforcement  u/as  adequately  handled.  The  slight 
underestimation  of  response  probability  for  Group  I  may  be 
corrected  by  letting  the  maximum  criterion  number  be  determined 
on  a  trial  by  trial  basis.  More  specifically,  a  check  could  be 
continuously  made  to  see  if  the  actual  criterion,  corresponding 
to  P7 0  ,  u/as  really  attainable,  that  is,  if  it  u/as  possible  to 
emit  a  sequence  u/hose  variability  score  would  equal  or  exceed  the 
criterion  number.  In  this  case,  the  criterion  could  be,  on  some 
trials,  greater  than  25  and  still  be  a  valid  criterion. 

Using  a  betu/een-subjects  design  the  present  e.xperiment 
demonstrated  that  different  amounts  of  behavioral  variability  can 
be  maintained  by  operant  contingencies.  With  the  e.sception  of 
Page  and  Neuringer's  (1985)  study,  no  other  research  had  adressed 
this  important  subject.  In  fact,  an  adequate  theory  of  learning 
must  decide  whether  to  take  behavioral  variability  as  a 
fundamental  behavioral  dimension  directly  amenable  to 
reinforcement,  or  as  a  secondary  behavioral  property,  reducible 
‘:o  more  basic  processes  (see  Neuririger,  1986;  Page  and  Neuringer, 
J.985;  Schwartz,  1982).  This  is  both  an  empirical  and  a 
theoretical  question.  If  reinforcenient  is  seen  as  strengthening 
behavior,  that  is,  as  increasing  the  probability  of  those 
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responses  that  produce  it,  hou/  can  this  process  engender 
variability?  This  theoretical  question  is  dealt  with  in  the 
General  Discussion.  In  contrast,  if  variability  is  a  by-product 
of  more  fundamental  processes,  u/hat  are  these  processes?  The 
present  experiment  ruled  out  differences  in  reinforcement 
intermittency  as  the  explanation  of  the  differences  in  the 
asymptotic  level  of  variability,  but  only  further  research  can 
settle  the  issue. 

The  high  degree  of  pattern  variability  maintained  by  some 
birds  in  the  presence  of  a  weak  variability  requirement  (Group 
III),  or  even  its  complete  absence  (Group  IV),  is  analogous  to 
the  situation  found  with  other  response  dinrensions  wtien 
reinforcement  is  no  longer  response-dependent  (e.g.,  Davis  and 
Platt,  1983),  The  transition  phase  implemented  before  the 
e-xi,>er imental  sessions  (sec  Procedure),  might  tiave  induced  a 
degree  of  response  variability  that  was,  in  some  birds, 
adventitiously  maintained  during  the  experiment  proper.  The 
problem  left  unexplained  in  this  formulation  is  the  development 
of  stereoty[)y  in  Groups  III  and  IV:  why  was  superstitious 
reinforcement  of  behavioral  variation  not  equally  effective  in 
all  groups? 

Another  plausible  hypothesis  is  to  argue  (see  Neuringcr , 
1936),  that  behavior  was  initially  variable;  wtiethcr  it  remained 
variab.’f'  or  not  was  a  matter  of  how  stringent  was  the  current 
requirement.  Weaker  requirements  are  less  effective  in 
controlling  behavior  and  this  mcpits  that  greater  inter-subjects 
differences  are  predicted  in  these  conditions.  Similar 
conclusions  were  drawn  by  Scott  and  Platt  (1985,  Experiment  4). 

5  7 
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Using  a  Percentile  Schedule  in  u/hich  reinforcer  delivery  u/as 
contingent  on  the  location  of  a  joystick  displacement  response 
emitted  by  rats,  the  authors  also  found  greater  u/ithin-group 
variance  when  the  requirement  to  deliver  reinforcement  was  less 
stringent.  They  concluded  that  “weaker  contingency  is  in  a  sense 
weaker  control  of  response  location  by  food  delivery  and  greater 
variability  in  individual  performance  is  a  concomitant  of  weaker 
control"  (Scott  and  Platt,  1985,  p.  167).  The  same  could  be  said 
about  the  present  results  if  'pattern  variability'  replaced 
'response  location'  in  the  preceding  quotation.  In  other  words, 
when  a  weak  requirement  was  present,  different  variables  might 
have  controlled  the  performance  of  different  birds.  U/ith  stronger 
requirements,  the  influence  of  these  other  variables  is  greatly 
attenuated,  and  the  requirement  per  se  plays  the  major  role  (see 
also  Crou’,  1977  for  a  related  hypothesis).  Furtlier  research 
should  clarify  this  topic  and  a  possible  starting  point  is  the 
replication  of  the  present  experiment  with  a  within-subjccts 
design  and  an  initially  stereotyped  baseline. 

E.XPERIMENT  2 

Changes  in  reinforcement  frequency  have  well-known  if 
soaiewhat  inconsistent  effects  on  behavioral  variability  (e.g., 
Antoni t is,  1951;  Boren,  Mocrsbaecher  and  U/liyte,  1978;  Ecl;eriiinn 
and  Lanson,  1969;  Ferraro  and  Brarich,  1968;  Herrick  and 
Bronberger-,  1965;  Herrnstein,  1961;  Lachter  and  Corey,  1982; 
Millensoii,  Hurwitz  and  Nixon,  1961;  Notterman  and  Mint?.,  1965; 
Stobbins  and  Lanson,  1962;  Tremont,  1984;  and,  for  a  review, 
Boulanger  et  al . ,  1987).  However,  no  research  has  been  conducted 
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to  study  the  effects  of  changes  in  reinforcement  frequency  u/hen 
variability  is  the  response  property  on  which  reinforcement  is 
dependent.  In  fact,  elicited  variability,  a  function  of 
reinforcement  intermittency ,  might  interact  u/ith  operant 
variability,  a  function  of  an  operant  contingency,  and  this  is  an 
area  deserving  future  study.  The  Percentile  Reinforcement 
Schedule,  as  previously  defined,  is  well  suited  tc  study  this 
interaction  because  its  main  feature  is  the  relative  dissociation 
it  provides  between  the  criterion  defining  the  operant  class  (the 
percentile)  and  the  overall  probability  of  reinforcement. 

When  orily  criterion  responses  are  elegible  to  reinforcement, 
the  ma.Nimiim  probability  of  reinforcement  is,  obviously,  the 
probability  of  these  criterion  responses,  i.e.,  the  complement  of 
the  percentile.  This  means  that  large  changes  in  reinforcement 
probability  can  only  occur  if  a  low  percentile  is  chosen.  In  the 
present  e.sperimcnt  the  30th  percentile  was  used  and  the  overall 
probability  of  reinforcement  varied  from  .3  to  .7. 

METHOD 

Subjects  and  Apparatus 

Eight  e.xperimcntal  ly-naive  pigeons  were  randomly  assigned  to 
two  groups  of  4  birds  each.  The  apparatus  was  the  same  as  in 
E.xpcr  iment  1. 

Procedure 

Autoshaping  was  os  in  EAperiment  1.  The  30th  Percentile  was 
used  throughout  the  experiment  and  so,  P{Cr)-.7.  For  Group  LH 
(I, -Low,  H-High),  P(S  +  /Cr)  was  initially  set  to  .43  and  then  to  1. 

^  /  / 
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Hence,  P{S+)  changed  from  .3- (.7) (.43)  to  .7-(.7)(l).  For  Group 
HL  the  reverse  order  occurred,  i.e.,  P(S+)*.7  and  then  P(S+)-.3, 
thus  controlling  any  order  effect.  Table  3  shou/s  the  number  of 
sessions  for  each  condition. 


INSERT  TABLE  3  ABOUT  HERE 


The  trarisition  phase  (see  above.  Experiment  1,  Procedure)  u/as 
only  implemented  for  Group  LH. 

RESULTS 

Figure  6  shou/s  the  number  of  reinforced  trials  per  session 
and  the  95’/.  confidence  intervals  for  groups  LH  atv.l  HL. 


INSERT  FIGURE  S  ABOUT  HERE 


Obtained  values  closely  matched  predicted  ones  but  some 
deviations  are  worth  mentioning.  Tne  number  of  reinforced  trictls 
uas  too  low  in  some  sessions  of  Birds  #3  and  wlien  P(S+)*.3  and 
of  Bird  #6  when  P(S+)-.7.  These  ufie.xpec ted  values  strongly 
influenced  the  mean  and  staridard  deviation  of  their  respocLive 
distributions  (see  Table  3).  Tliesc  anomaliesS  were  duo  to  the 
following  reason;  deciding  to  not  reinforce  any  repetition  meant 
that,  when  behavior  was  highly  stereotyped,  the  probability  of  a 
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criterion  response  was  less  than  the  predicted  value.  More 
specifically,  when  the  probability  of  a  zero  variability  score 
was  greater  than  .3,  the  criterion  remained  at  zero,  but  ttie 
probability  of  a  criterion  response  was  less  than  .7-1-. 3,  in  as 
much  as  only  variability  scores  exceeding  zero  were  elegible  to 
reinforcement.  The  algoritlim  applied  when  ties  occurred  with 
criterion  values  other  than  zero  (see  above.  Experiment  1, 
Procedure),  could  not  be  used  or  the  resulting  intermittent 
reinforcement  of  repetitions  would  certainly  produce  maximal 
stereotypy  (see  results  of  Group  IV  in  Experiment  1).  This  is, 
basically,  a  consequence  of  the  discrete  nature  of  the 
variability  measure  and  its  lower  limit.  Some  suggestions  will  be 
given,  later,  to  overcome  t)iis  difficulty. 

Moan  variability  scores  in  the  last  5  sessions  (see  Figure 
7)  stiowed  no  consistent  trend  when  reinforcement  frequency  was 
markedly  changed. 


INSERT  FIGURE  7  ABOUT  HERE 


Some  birds  did  not  significantly  alter  their  behavior  (#'4  and 
from  Group  LH;  W2  and  ^5  frotn  Croup  HL)  .  For  otlier  birds  (^6  and 
^7  from  Group  HL) ,  decreasing  reinforcement  frequency  reduced 
response  variability.  In  Group  LH,  increasing  reinforccrnenl 
frequency  produced  opposite  effects  for  birds  ^1  and  . 

Tlic  mean  Variability  Scoios  obtained  on  each  condition, 
i.e.,  r(S+)-.3  vs  P(S+)-.7,  were  subjected  to  an  ANOVA  by  ranks 
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for  related  samples,  u/ith  Subject  as  a  blocking  variable.  No 
significant  difference  u/as  found  (K-12,  p>.05).  Mean  Uncertainty 
scores  gave  exactly  the  same  results. 

Stereotypical  patterns  u/ere  similar  to  those  observed  in 
E.xperimcnt  1.  As  an  example,  Figure  8  shows,  for  Bird  #1,  U 
values  for  each  keypeck  in  a  sequence,  viz.,  the  Uncertainty  of 
the  first,  second,  third  and  forth  pecks,  considered  as  distinct 
events.  On  each  case,  only  two  possibilities  exist,  a  left  or  a 
right  peck.  Hence,  according  to  Eq.2,  U  is  maximal,  and  equal  to 
1,  when  P{L)-P(R)-.5. 


INSERT  FIGURE  8  ABOUT  HERE 


It  can  be  seen  that,  on  some  sessions  when  P{S+)«.3,  a  systematic 
preference  for  one  response  key  was  clearly  shown  on  the  first 
peck,  all  successive  pecks  remaining  highly  variable.  A  different 
picture  is  visible  when  P(S+)  changed  to  .7  (the  arrows  in  Figure 
8).  Stereotypy  of  the  first  peck  gradually  increased  until,  on 
session  37,  99  of  the  100  sequences  started  on  the  left  key.  On 
session  39,  the  second  peck  was  also  highly  stereotyped.  From 
then  on,  a  different  pattern  emerged  wtiereby  variability  was 
confined  to  the  first  peck,  all  successive  pecV;s  bring  frequently 
er.'ittcd  on  tliT  same  key.  In  other  wordf.,  when  P(S^)».3, 
variability  increased  from  the  first  to  the  last  r'?ck;  when 
P(S+)-.7,  the  reverse  occurred,  tliat  is,  variability  decreased 
from  the  first  to  the  last  peck. 
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Other  birds  (e.g.  ,  W2  u/hen  P(S+)-.3  and  #5  u/hen  P(S+)-.3  as 
uell  as  when  P(S+)-.7)  maintained  a  strong  preference  for  one 
particular  key  on  the  first  ar»d/or  second  peck  of  each  sequence. 
'Switching  stereotypy'  u/as  also  displayed  by  Bird  #3  u/hen 
P(S+)-.3  (sequences  LLLL,  LLLR ,  LLRR  (23X),  LRRR  (23%)  and  RRRR 
accounting  for  12X  of  its  behavior).  No  conclusion  could  be  drau/n 
relating  frequency  of  reinforcement  to  kind  of  stereotypy. 

DISCUSSION 

Important  changes  in  reinforcement  frequency  did  not  produce 
consistent  changes  in  tlie  level  of  variability.  This  firmJing  is 
not  completely  unexpected  since  it  parallels  the  results 
obtained  when  var'iability  is  not  tlie  response  dimension  defining 
the  operant  class.  Whereas  several  authors  have  found  an  increase 
in  variability  when  reinforcen>ont  becomes  less  frequent  (Eckerman 
and  L.anson,  1969;  Ferraro  and  Branch,  1968;  Herrick  and 
Bronberger ,  1965;  Lachter  and  Corey,  1982;  Stebbins  and  Lanson, 
1962;  Iremont,  198^),  others  did  not  find  a  similar  result 
(Boren,  Monrsbaccher  and  WTiyte,  1978;  Herrnstein,  1961;  Milleson, 
Hur-itz,  and  Nixon,  1961.  See  Boulanger  et  al .  for  possible 
interpretations  of  these  inconsistent  findings).  In  the  present 
situation,  several  factors  might  have  obscured  the  effects  of 
reinforcement  frequency.  One  of  them  is  ttm  timeout  that  might 
have  gained  discriminative  control  over  the  initial  peel;  of  each 
sev^ence.  Due  to  its  contiguity  with  ti.i'.cout,  Liu:  initial  peck  of 
a  reinforced  sequence  could  l-e  more  easily  remembered  atid  thus 
repeated.  This  in  turn  would  result  in  more  sequences  beginning 
with  this  peck  being  reinforced,  originating  a  positive  feedback 
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loop.  This  process  might  account  for  the  increased  stereotypy  of 
Bird  #1  u-'heri  P(S+)-.7.  A  direct  implication  of  this  analysis  is 
the  elimination  of  the  timeout  in  future  investigations  designed 
to  study  the  effects  of  reinforcement  frequency  on  operant 
variability . 

That  timeout  cannot  be  the  only  variable  at  play  is 
suggested  by  the  presence  of  other  types  of  stereotypy  (e.g., 
variability  confined  to  the  first  peck).  Fur  thertu.)re ,  not  all 
birds  developed  the  same  type  of  stereotypy.  Further  research  is 
needed  to  clarify  this  topic. 

The  percentile  schedule  presented  some  problems  u/hen 
performance  became  highly  stereotyped,  that  is,  u/hen  the 
probability  of  a  repetition  exceeded  the  chosen  percentile 
value,  viz.,  .3.  On  these  occasions,  due  to  non-reinforcernent  of 
repetitions,  a  positive  correlatiofi  existed  betu'een  variability 
and  reinforcement  frequency.  This  correlation  aas  maintained 
until  the  probability  of  a  repetition  u-as  less  than  the 
percentile  value.  One  solution  to  this  problem  is  to  increase  the 
number  of  pecks  making  up  a  sequence.  VLhen  this  happens,  ttie  sanie 
piobability  of  a  Right  (respectively,  Left)  keypeck  udll 
considerably  reduce  the  probability  of  a  repetition. 

GENERAL  DISCUSSION 

Ttie  present  experiments  att^'^mpted  to  develop  and  test  a  neu 
Percentile  Reinforcement  Schedule  suited  to  study  pattern 
variability.  The  main  feature  of  the  schedule  should  be  the 
dissociation  betu/^en  overall  probability  of  reinforcement  and 
the  criterion  defining  the  operant  class.  This  u/ould  enable  the 
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experimenter  (a)  to  maintain  reinforcement  intermi ttency  constant 
u/hile  varying  the  variability  requirement  (Experiment  1),  and  (b) 
to  maintain  the  requirement  constant  u/hile  varying  reinforcement 
intermittency  (Experiment  2). 

Despite  some  deviations  from  predicted  performance,  the 
schedule  successfully  achieved  its  main  purposes.  In  Experiment 
1,  the  requirement  varied  among  groups  u/hile  the  overall 
probability  of  reinforcemetit  u/as  held  approximately  constant.  A 
suggestion  u/as  made  to  improve  the  schedule  performance  u,'hen  a 
high  percentile  is  used:  adjust  the  maximum  criterion  number  on  a 
trial  basis.  In  Experiment  2,  the  requirement  u/as  kept  constant 
uhile  the  probability  of  reinforcement  changed.  The  Percentile 
Schedule  presented  some  limitations  u/hen  the  probability  of  a 
repetition  u/as  greater  than  the  ctiosen  percentile.  Thus,  the 
probability  associated  u'ith  the  chosen  percentile  sets  an  upper 
limit  to  p,  tfie  probability  of  a  repetition;  u/hen  p  exceeds  this 
value,  reinforcement  probability  u/ill  also  be  determined  by  the 
subject's  behavior.  This  fact  is,  possibly,  the  most  serious 
drau/back  of  the  schedule  precluding  the  use  of  lou/  percentiles 
(e.g.,  PIO).  One  solution,  as  previously  stated,  is  to  increase 
the  number  of  pecks  per  sequence. 

Uihatever  the  algorithms  used  to  improve  the  sctiedule 
performance,  it  should  be  stressed  that  the  aforemerrt ioned 
'deficiencies'  stem  mainly  from  ttic  nature  of  the  variability 
measure  itself:  it  is  indirect  (variability  scores  are  dtipendent 
on  the  probability  of  a  repetition  -  sec  Eq.l  -  that  in  turn 
depends  on  the  probability  of  c^ch  sequence);  it  is  a  disci ete 
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measure,  and  has  a  lou/er  limit,  these  last  tvi/o  features  creating 
the  problem  of  ties,  specially  of  zero  variability  scores.  These 
shortcomings  in  mind,  the  variability  data  u/ill  be  consented  upon 
now. 

From  E.speriment  1  it  was  concluded  that  a  weak  percentile 
only  moderately  controls  the  amount  of  generated  variability. 
Thus,  a  large  change  in  reinforcement  frequency  could, 
theoretically,  have  shown  its  effects  during  E.xperiment  2. 
However,  no  consistent  effect  could  be  ascribed  to  reinforcement 
probability  per  se  or,  in  other  words,  to  the  eliciting  effects 
of  intermittent  reinforcement^ when  an  operant  contingency  is 
present.  Other  variables  (e.g.,  timeout)  might  have  competed  with 
frequency  of  reinforcement  obscuring  any  effects  this  variable 
may  have.  Further  research  should  refine  the  actual  procedure 
(c.g.,  eliminate  the  timeout)  arid  repeat  the  e.xperimcnt  with 
other  combinations  of  percentile  and  reinforcement  probability 
values . 

Despite  important  within-group  differences,  results  from 
Experiment  1  showed  that  variability  directly  increased  with  the 
requirement,  a  conclusion  already  reported  by  Page  arid  Meuringer, 
(  1985).  Tlie  basic  'problem'  of  this  finding  lias  previously  been 
raised  by  several  authors  (e.g.,  Page  and  Neuringer,  1985; 
Schwartz,  1982)  and  was  briefly  alluded  to  earlier:  how  can 
reinforcement  maintain  behavioral  variation  if  it  increases  the 
frequency  of  the  class  of  behaviors  producing  it?  Another  way  to 
raise  the  problem  is  to  ask  "U-’hat  objective  piopei  ty  of  responses 
[on  which  reinforcement  is  dependent]  would  unite  them  into  a 
class  ?"  (Schwartz  ,  1982,  p.  178).  It  could  be  argued  that,  on 


Operant  variability 


each  trial,  a  certain  number  of  sequences,  if  generated,  uK>uld 
yield  variability  scores  greater  than  the  criterion.  Hence,  this 
uas  the  defining  property  on  which  reinforcement  u/as  dependent. 
The  problem  u/ith  this  strictly  operational  definition  derives  not 
from  its  relational  character  but  rather  from  the  underlying 
behavioral  process  it  assumes.  In  fact,  the  question  asked  by 
Schaartz  is  about  behavioral  processes,  not  about  procedures  (sec 
Catania,  1973).  More  specifically,  the  answer  takes  for  granted 
that  pigeon's  behavior  is  somehow  sensitive  to  the  dimension 
'being  different  from  X  previously  emitted  patterns'.  This 
assumption  is  unlikely  given  the  difficulty  pigeons  have 
remembering  sequences,  beyond  the  trivial  LLLL  and  RRRR 
patterns . 

Page  and  Neuringcr  (1985),  and  Neuringer  (1986), 
circumvented  the  question  raised  by  Schwartz,  by  considering 
variability  a  fundamental  beliavioral  dimension,  sucli  as  force  or 
duration,  and  by  stressing  the  shaping  in  place  of  the 
strengthening  effects  of  reinforcement:  "U/hen  the  e.sper imenter 
shapes  keypecking  (...)  the  pigeon  is  taught  where,  when,  and 
possibly  how  fast  or  hard,  and  so  on,  to  peck.  Analogously,  there 
may  be  a  dimension  of  all  behaviors,  described  as  var iabi 1 i tv . 
with  which  the  organism  enter  our  experiments  (...)  Turnit>g  on  of 
off  a  variability  generator  may  be  under  the  control  of 
reinfot  cement ,  but  tlie  variability  gerjorator  is  not  itself 
cieatcd  through  reinforcement."  (Page  and  Neuringer,  1985,  p. 
<450).  The  relationship  betwceti  level  of  vaiiability  and  degree  of 
requiiement  is  further  viewed  as  a  fine  tuning  of  this  inborn 
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variability  generator  by  the  current  contingencies  of 
reinforcement . 

U/hatever  the  adequateness  of  this  conceptualization,  the 
hypothesis  of  a  more  basic  behavioral  process  underlying  the 
operant  conditioning  of  behavioral  variability  has  not  been  fully 
appreciated.  Intermittent  reinforcement  has  been  one  possibility, 
but  the  present  results  did  not  support  it.  In  the  fol lowing 
lines  an  alternative  u/ill  be  presented  that  assigns  operant 
conditioning  of  response  variability  to  a  process  of  probability 
dependent  selection.  Experiment  1  suggested  ttiat  overall 
probability  of  reinforcement  docs  not  play  the  major  role  in  the 
process  of  variability  differentiation.  However,  u/e  are  still 
left  with  the  (conditional)  probability  of  reinforcement  per- 
pattern .  Consider  what  happens  to  the  probability  of 
reinforcement  -  P(s+)  -  associated  with  a  particular  sequence 
after  it  has  been  emitted.  Whatever  the  requirement,  F(s+)-0  on 
th.e  next  trial  since  no  repetition  is  ever  reinforced.  Wficn  a  low 
F'crcentilc  is  cfiosen,  after  a  few  trials  without  emitting  tlie 
sequence,  P(s+)  equals  P(S+/Cr)  wlrercas  wlicn  a  liigfr  Percentile  is 
used,  more  trials  have  to  elapse  before  the  pattern  is  considered 
criterional  again,  and  P(  s+)”P(S+/Cr ) .  On  every  trial,  tlien,  the 
stronger  the  requirement  the  smaller  the  subset  of  all 
reinforceable  sequences.  Also,  tlds  smaller  subset  will  more 
likely  be  restricted  to  the  rnoit.^ntarily  least-probable  lut  terns. 
Stated  differently,  increasing  percentile  values  assure 
di  f  feretit ial  reit^for  cement  of  i nc r easinglv  less-probable 
patterns.  A  similar  idea  is  found  in  Blough’s  (1966)  least- 
frequent  IRT  reinforcement  scliedule. 
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If  this  interpretation  is  valid,  variability  should  not  be 
considered  a  fundamental,  i.e.,  an  irreducible  behavioral 
dimension,  but  the  outcome  of  more  primary  processes,  such  as 
probability  dependent  selection.  U/e  posit  that  probability 
dependent  selection  underlies  the  operant  conditioning  of 
behavioral  variability.  Tliis  hypothesis  predicts  random 
responding  as  the  asymptotic  performance  when  stronger  and 
stronger  requirements  are  used.  In  the  limiting  case,  all 
patterns  uill  be  equally  likely  and,  consequently,  equally 
re  i  nforced . 

The  resemblance  with  the  process  of  frequency-dependent 
selec  ion  is  obvious.  Curiously  enough,  a  similar  problem  has 
been  raised  in  the  context  of  the  Darwinian  evolutionary  theory: 
is  0  reduction  of  genotypic  variability  the  only  possible  outcome 
of  natural  selection?  The  process  of  frequency-dependent 
selection  shows  that,  under  certain  circunstances ,  the  outcome  of 
natural  selection  n)oy  be  the  maintenance  of  genetic  variation, 
even  in  a  constant  homogeneous  environment  (Shorrocks,  1978). 
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FOOTNOTES 

The  experiments  reported  in  this  paper  were  carried  out 
while  the  author  was  at  the  Laboratory  of  Experimental 
Psychology,  Lidge,  Belgium,  \vith  a  grant  from  the  Institute 
Nacional  de  Investiga?ao  Cientifica,  Portugal.  Available 
technical  facilities  had  been  partly  favoured  by  the  Fond 
National  Beige  de  la  Recherche  Scientifique  and  by  the 
European  Research  Office  of  the  U.S.  Army  through  grants 
allocated  to  the  study  of  behavioral  variability.  Parts  of 
the  paper  Avere  presented  at  the  Second  European  Meeting  on 
the  Experimental  Analysis  of  ^’chavior,  LiSge,  July,  198?. 
Reprints  may  be  obtained  from  Armando  Machado,  Faculdade  de 
Psicologia,  Rua  Pinheiro  Chagas,  17,  1^,  loOO  Lisboa,  Portugal. 
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Hypothetical  data  showing 

text  for  details. 

TABLE 

how  to 

1 

calculate  the  criterion.  See 

Variab. 

Abs . 

Cumulat. 

Scores 

Freq. 

Freq. 

0 

2 

2 

1 

1 

3 

Pjs  2 

3 

6 

3 

5 

11 

4 

2 

13 

P70  5 

1 

14 

6 

1 

15 

49 

0 

19 

50 

1 

20 
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TABLE  2 

Experimental  conditions  for  each  Group  and  obtained  results.  Mean  variability 
scores  were  based  on  the  last  5  sessions.  P(S+)=-3  for  all  Groups. 


Reinforcements  Mean 

-  Variability 


Group 

Bird 

P{Cr) 

P(S+/Cr) 

Sess . 

mean* 

s  .d  .* 

Score 

11 

.3 

1 

30 

31.7 

2.19 

14.11 

17 

.3 

1 

30 

32.0 

2.17 

14.06 

I 

19 

.3 

1 

31 

31.7 

2.43 

13.80 

110 

.3 

1 

24 

32.2 

2.47 

13.64 

12 

.5 

.6 

31 

31.3 

4.40 

14.12 

15 

.5 

.6 

32 

31.6 

4.63 

13.24 

II 

116 

.5 

.6 

30 

32.4 

4.40 

12.30 

111 

.5 

.6 

30 

31.6 

4.62 

13.75 

13 

.75 

.4 

31 

31.6 

4.56 

11.70 

14 

.75 

.4 

31 

31.6 

4.87 

12.08 

III 

18 

.75 

.4 

30 

30.9 

5.01 

7.22 

112 

.75 

.4 

29 

31.2 

5.00 

8.10 

113 

1 

.3 

25 

28.5 

4.76 

10.34 

fl4 

1 

.3 

20 

28.6 

3.66 

2.33 

IV 

115 

1 

.3 

26 

29.3 

3.54 

10.37 

116 

1 

.3 

20 

30.6 

4.10 

3.19 

117 

1 

.3 

20 

30.1 

5.53 

3.35 

118 

1 

.3 

26 

29.9 

3.80 

4.03 

'  First  session  not  included. 
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TABLE  3 

Experimental  conditions  for  each  Group  and  obtained  results.  Mean  variability 
scores  are  based  on  the  last  5  sessions.  P(Cr)s.7  troughout  Experiment  2. 

P(S+)=.3*  P(S+)=.7* 

Reinforcement  mean  Reinforcement  mean 

-  variab.  - -  variab 


Group 

Bird 

Sess . 

mean** 

s.d.*' 

'  score 

Sess. 

mean 

s.d 

score 

11 

26 

29.0 

2.86 

13.38 

29 

68.4 

4.04 

7.43 

13 

30 

25.4 

5.15 

10.20 

25 

69.4 

2.71 

12.92 

LH 

14 

27 

28,5 

3.37 

13.76 

15 

69.9 

2.49 

13.58 

18 

27 

26.3 

5.64 

13.31 

20 

69.9 

2.10 

13.28 

12 

25 

31.7 

5.51 

12.01 

27 

68.8 

3.62 

11.87 

15 

20 

30.1 

4.97 

9.46 

28 

69.4 

2.88 

9.91 

HL 

16 

20 

30.4 

3.49 

9.70 

29 

67.2 

6.26 

13.15 

17 

25 

30.8 

5.13 

12.60 

24 

68.8 

3.28 

13.84 

*  For 

Group 

LH,  P(S+)  was  initially 

.3  and  next 

.7.  For 

Group 

HL,  the 

reverse 

order 

ocn.rred,  i.e. 

,  P(S+)  = 

.7  and 

later  P(S+)= 

.3 

•*  First  session  not  included  in  Group  LM  when  P(S+)=.3. 
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FIGURE  CAPTIONS 

Figure,  1  Probability  distribution  of  variability  scores 
u/hen  performance  is  random  (probability  of  a  repetition  p-.0625) 
or  stereotyped  (p-.15,  for  example).  Scores  greater  than  the 
criterion  are  follou/ed  by  reinforcement. 

Figure.  2  Number  of  reinforcements  earned  by  each  Bird  on 
each  session.  Dashed  lines  show  the  confidence  interval,  viz.,  + 
1.96  o,  of  the  expected  number,  viz.,  30. 

Figure.  3  Mean  variability  score  as  a  function  of  the 
percentile.  (Dots  ■  averages  over  the  last  5  sessions  for  each 
subject;  solid  line  connects  the  mean  of  each  Group). 

Variability  u/as  permitted  but  not  required  in  Group  IV, 
corresponding  to  Percentile  (Oj. 

Figure.  4  Uncertainty  as  a  function  of  the  percentile. 

(Dots  represent  averages  over  the  last  5  sessions  for  each 
subject;  the  solid  line  connects  the  mean  of  each  Group). 

Figure.  5  Dots  represent  the  frequency  distribution  of 
variability  scores  obtained  witt;  Bird  #1  on  tlie  last  5  sessions. 
The  last  dot  corresponds  to  scores  greater  than  49.  The  solid 
line  connects  the  expected  frequencies  assuming  random  lesponding 
(see  Equation  1).  A  Chi  square  test  showed  no  significant 
difference  between  the  two  distributions,  X’ ( 36 ) -37 .44 ,  p>.40. 
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Figure.  6  Number  of  reinforcements  earned  by  each  bird  on 
each  session.  For  birds  #1,  #3,  #4,  and  #8,  P(S+)  u/as  initially 
.3  and  then  .7;  for  the  other  Birds,  the  reverse  order  occurred. 
Dashed  lines  show  the  confidence  interval,  viz.,  +  1.96  o,  of 
the  expected  number,  viz.,  30  when  P(S+)-.3  and  70  when  P(S+)-.7 
Data  from  one  session  of  Bird  #3  and  two  sessions  of  Bird  #8  were 
lost . 

Figure.  7  Mean  variability  score  obtained  witli  each  bird  on  the 
last  5  sessions  of  each  condition.  For  birds  #1,  #3,  #4,  and  ^8 
(left),  P(S+)  was  initially  .3  and  then  .7;  for  the  other  Birds 
(right),  P(S+)“.7  and  later  .3. 

Figure.  8  Uncertainty  of  each  keypeck  (left  figure  -  first 
and  second  pecks;  right  figure  -  third  and  forth  pecks)  obtained 
with  Bird  #1  when  P(S+)  was  .3  (to  the  left  of  the  arrows)  and  .7 
(to  the  right  of  the  arrows) 
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